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PBEFATOEY NOTE. 



T pAVING been, for more than twenty-five years, almost constantly 
-* — ^ employed in geological surveys of our Western States, I have had 
occasion to use the barometer quite extensively as a hypsometrical in- 
strument. As early as 1847, being engaged in determining the height of 
points along the south shore of LaJie Superior, I became convmced that 
there were sources of error in our barometrical work which had not been 
sufficiently taken into account ; and by repeated measurements of a num- 
ber of elevations at different seasons and hours, I arrived at the conclu- 
sion that our results were always lower in cold weather, or at morning 
and evening, than they were in warmer weather or towards noon. I'or 
some years after this my field of labor was among the prairies of the 
Mississippi VaRey, where there was little occasion for hypsometrical work, 
and the subject of the uncertainties and perplexities of barometrical de- 
terminations of heights was for a time dismissed from my thoughts. 

Later, however, on taking eha.i'ge of the Geological Survey of Califor- 
nia, where the barometer became again an instrument of the greatest 
importance, and indeed an indispensable companion in our field-work, the 
same difficulties which had been met with on Lalte Superior b^an again 
to be noticed, and to call for investigation. Learning, however, that Col- 
onel Williamson was engaged in making, under the authority of the 
United States Engineer Bureau, a series of observations with a view to 
the publication of an elaborate work on the use of the barometer as a 
hypsometrical instrument, it was deemed best to defer undertaking any 
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i of our own until after his had been completed, and the results 
printed. The Geological Survey, meanwhile, lent such aid to this distin- 
guished officer as it was in om- power to furnish. On the publication of 
his volume, however, it was found that, although thorough and valuable 
aa far as it went, it did not fully meet our needs, but that the investi- 
gation required to be earned a httle further, in order that results might 
be had which could be put to practical use. 

The gi'eat expense of the determination by the spirit-level of the ele- 
vation of a number of points in the Sierra Nevada between its base and 
summit was an obstacle to our conmaencing the proposed work ; but the 
completion of the Central Pacific Eailroad seemed to remove this diffi- 
culty, by giving us not only pretty accurately the elevation deau-ed, but 
also a chance for permanent stations and good observers among the tele- 
graph operators employed at the different offices along the line. It was 
therefore decided that three points should be selected, and observations 
made three times a day at each, for a period of one year, and, if possi- 
ble, for three, as is fuUy set forth in the second chapter of this little 
work. Here I must take occasion to return sincere thanks to Leland 
Stanford, President of the Central Pacific Railroad, for facHities furnished 
us during this aeries of observations ; for, without his help, it would 
hardly have been possible for us to carry on the investigation. 

A fourth station at an elevation of twelve thousand to fourteen thou- 
sand feet was very desirable; but this great enlargement of the plan was 
entirely beyond oiu- means, and we were obliged to content ourselves 
with the summit station of the railroad as our highest point. 

At the time this investigation was commenced I had very httle ac- 
quaintance with anything which had been done by others in the direc- 
tion of our own line of inquiry. It did not appear, however, that any 
such tables of correction as we hoped to prepare had ever come into 
practical use ; and it became more and more evident, as our work went 
on, that, in all probability, oiu' results would be of value to observers on 
the Pacific coast. Books of reference were not to be obtained there ; but 
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now that we have procured Lhem, — and not without considerable search 
in Europe, — and know that others have gone over very nearly the same 
ground that we have, it appears none the less desirable that our invest!-' 
gations should have been made, or that they should now be published. 
Indeed, we have at present more conlidence than ever in their value, al- 
though less entitled to claim merit for originality than we had supposed 
ourselves to be ; for we now perceive very clearly that each country and 
climate demands something similar to that which we have attempted to 
do for California, if the hypsometric data obtained by the use of the 
barometer are to be rendered as accurate as possible, which every one 
will admit to be h^hly desirable. It is indeed probable that the Pacific 
coast is one of those regions where the barometric results are moat liable 
to those discrepancies which have been the subject of our investigations, 
and that on this account our work has been particularly needed there ; 
bub it i3 clear that the uncertainties in q^uestion cannot anywhere be 
neglected^ and that by the use of suitable tables of correction for the 
hour of the day and the season of the year, the accuracy of the barom- 
eter as a hypsometric instrument may be very considerably increased 

Professor W. H. Pettee, of Hai'vard University, has had charge of the 
onerous labor of the reduction and computation of the observations ; and 
this little volume, prepared by biiri from the data collected by the Siir- 
vey, owes a large share of its value to his accurate and persevering work 
upon it. With his assistance a very complete library of works devoted 
to the barometer has been accumulated, and in every case the references 
here given have been verified by consultation of the or^nal authorities. 
It is believed that nothing of importance connected with the present 
in(3_uiry can have escaped our notice, and that in the concluding chapter 
of this work a pretty complete r4su,md of the labors of other investigators 
has been presented. 

J. D. W. 

CAMiiEinsE, Mi\Ms., May 28, 187i. 
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CHAPTER I. 



IKTKODUCTORy. 



THE main principle underlying the method of determining altitudes, 
or differences of altitude, by means of the barometer is simple, and 
easily understood. From the observed heights of the columns of mercury 
in two barometers at different altitudes, but not separated by any great 
distance horizontally, we have at once the weights of a column of air 
reaching from the lower instrument to the outer limit of the atmosphere, 
and of that portion of the air-colunm which rises ahovo the upper in- 
strument. The weight of the column of air between the two instniiuents 
is therefore known; and it would seem at first sight as if nothing more 
than moderate skill and ordinary care in maldng the observations would 
be necessary in order to secure trustworthy results, or, at least, a very 
close approximation to the truth. The earliest formulte proposed in this 
connection, however, were necessarily imperfect. The laws governii^ the 
changes of density in the atmosphere as the altitude increases were not 
knowB, and it was not possible to determine the actual weight of a given 
volume of air with a sufdoient degree of accuracy, 

,Laplace * was the first to propose a complete formula which should take 
account of all the effects of varying temperature and variations in the in- 
tensity of the eaith's gravitation at different latitudes and at different heights 
above the sui'face. The theoretical correctness of Laplace's formula lias re- 
mained essentially undisputed, and yet there is a wide difference of opinion, 
even among those best qualified to judge, as to the degree of accuracy actu- 
ally attainable in barometric measurements of altitude. The prevalent idea 
among civil engineers is, tliat the barometer is not a trustworthy instru- 



• llecaniiiuc Celeste, Tom. IV. j 
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10 BAEOMETRIC HYPSOMETEY. 

meat in comparison with the spiiit-Ievel ; and lli il i^ m louLtt \h con 
siderable ground for this belief. When the hughts ot important i mti 
determined barometrically by different observers it diffeient seibons of 
the year, and under different meteorological conditions are ix^mpared with 
each other, the discrepancies are frequently much too " cit to 1 <. 
counted for by any errors of observation. It would &eem a^ if the metho 1 
or the formula must be at fault 

On the other hand, the impression given by the text-hooks generally 
in use in the colleges and scientific schools of the country ia, that it is 
ouly necessary to multiply observations and take the mean of the results 
in order to attain to any desired degree of accuracy ; and there is no doubt 
that the publication by the Smithsonian Institution of the well-known 
tables for the use of meteorological observers, prepared by Professor Guyot, 
has contributed largely to the very favorable opinion in which the barom- 
eter is held in many quarters. 

In the introduction to hia table an-anged for English measures Professor 
Guyot has given a number of examples, in which the results of the com- 
putation of barometric obsei'vations are compared with those obtained by 
means of the spirit-level or from trigonometrical calculations, and the 
coincidence is in all cases quite remarkable,- — amounting, in fact, almost 
to identity. His words are as follows (Series D, page 34) : " The close 
agreement of the deteiininations furnished by Laplace's formula, in baro- 
metrical measurements carefully conducted, made in favorable circum- 
stances and during the warm season, with those obtained from repeated 
trigonometrical observations or by the spmt-level, strongly testifies in 
favor of its general correctness." He then gives several examples of 
wonderfully close agreement of barometrical with trigonometrical results, 
and adds: "These figures show conclusively that when the errors which 
may arise from the great variability of the data furnished by the instru- 
ments have been removed by a repetition, in various states of the atmos- 
phere, and by a proper combination of simultaneous observations at sta- 
tions not too distant fi^om each other, those which remain and may be 
attributed to the fonnula cannot be considerable. But, on the other hand, 
we have no right to expect such results from single observations, taken 
perhaps in unsettled weather, without paying any regard to the time of 
the day at ■which they were made, to the distance or the nou-simulta- 
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iieity of the corresponding otservationa, or to other unfavorable cireum- 
stances." Of the nature of the unfavorable mcunistancea aUuded to, or 
of the proper time of day, or of the character of the favorable circum- 
stances required to bring about such favorable results, no hint whatever 
is here given. The most that could be inferred would be that it is neces- 
sary to make the measurements "in the warm season," and repeat the 
observations " in various states of the atmosphere." The remarkably weU- 
agreeiug results given, however, were aU computed from observations taken 
on a single day, excepting in one case where the observations extended 
over parts of two days. The practical result has been that it is almost 
universally taught, in this country at least, that care and repetition of 
the observations during a good part of a day will be sufficient to secure 
satisfactory results. It is true that on pages 80 — 82 of the same series 
Professor Guyot has given tables of corrections, in French measures, to be 
applied for different hours of the day to the approximate results obtained 
in the ordinary way, and thus admitted the existence of important sources 
of error ; but these corrections he neglected to take into account in his own 
meaaiu«ments, and thus contributed lai'gely to the belief that they M'ore 
less important than they really are. 

Intennediate between these extremely favorable and extremely unfavor- 
able views belong the opinions of the great majority of geologists and 
geographers, who, neither requiring nor expecting extreme accuracy, find 
the barometer an indispensable instrument upon their surveys and i^econ- 
noissances, since with its aid they are enabled to secure results suffi- 
ciently accurate for their purposes, while without it they would have no 
results at aU, — the determination of differences of altitude with the spirit- 
lev^l, if the distances are great, being a very laborious and costly oper- 
ation. A sufficient proof, indeed, if anything additional is needed, that 
the barometer is a hypsometric instrument of great value, is found in 
the fact that it has been very widely used in all parts of the world, not 
only for measuring high mountains, but also for determining the limits 
of the distribution of plants, the relative position of geological formations, 
and the most available routes for long lines of railway across rough and 
thinly settled regions. It was entirely by means of trial lines run with 
the barometer that the easiest route for the Central Pacific Eailroad was 
fmmd. 
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The value of the barometer as a field instrument has teen seen to 
great advantage during the progress of the California Survey. lb was evi- 
dent at the outset, owing to the great size of the State, its moimtainous 
character, and the fa«t that so large a portion was practically unexplored, 
that the barometer would have to be a chief dependence, and in many 
cases the sole means available, in procuring the necesaaiy data for the 
determination of important geological and topographical cLuestions ; and, 
as the work has gone on, it has grown more and more clear that, with- 
out its aid, much that has been accomplished would have remained un- 
done, or even unattempted. At the same time it has been well imderstood 
that the results obtained in this way were to be regarded only as approx- 
imations, varying more or less from the truth, — the amount of variation 
depending upon certain unknown or imperfectly known conditions. 

It was found, for instance, that obseiTations taken in midsummer indi- 
cated a greater difference of altitude between two given points than sim- 
ilar observations taken in the spring or fall; that the results obtained 
from morning or evening observations differed from those obtained from 
midday observations, the latter being invariably the greater; and that 
the difference of altitude between two points detemiined directly was apt 
to differ from that obtained with aid of one or more intermediate sta- 
tions; but it was not possible to tell which of these discordant results 
was the most trustworthy. The discrepancies were obvious ; their expla- 
nation and correction were matters of great difficulty. Questions concern- 
ing the probabihties of error in using the barometer were of constant 
Tecmrence; and it was at length determined to enter upon an extended 
investigation, with the view of ascertaining, if possible, the probable error 
of any single observation, or of constructing a table of corrections to be 
applied to the results obtained under different conditions. A detailed 
account of the method of procedure adopted in tliis investigation will be 
given further on; but first it will be necessary to understand clearly the 
exact conditions of the problem. 

The problem is not new. Discrepancies similar to those mentioned 
above have atti'aeted attention wherever any extended use of the barom- 
eter in measuring altitudes has been attempted, and the subject has been 
repeatedly examined from a great variety of standpoints. During the 
century and a half which followed the famous experiment of Pascal, in 
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1648, numerous formulfe were proposed to facilitate the liarometric deter- 
mioatioti of altitudes, in connection witli whiclt the names of Mariotte, 
HaJley, Deluc, Playfair, and Schuckburgh were prominent, but which must 
now be regarded as only having paved the way for the more complete 
formula of Laplace. The discordant results obtained when this formula, 
or some modification of it, has been employed are what we have to deal 
with 

Laplace's original formula comprised four terms, which may be des^- 
nated as the pressv/re term, including, as is usual, the principal numerical 
coefficient ; the taiiperature term ; the correction for latitude ; and the 
correction for the change in the height of the mercury column in the 
barometer caused by the variation in the intensity of gravity with increase 
of altitude. "The corrections depending upon the latitude and upon the 
variation of gravity are very small; but as they really exist, it is best to 
notice them, so as to leave in the calculation no other imperfections than 
those which arise from the inevitable errors of oljservation ; or from the 
effect of the unknown attractions of the mountains; or from the hygro- 
metrical state of the air, which ought to be noticed; or, finally, from the 
error arising from the use of the hypothesis relative to the law of the 
diminution of heat." * This cLuotation will be sufficient to show what 
Laplace considered as the possible imperfections of his formula, and to 
give us a hint as to the prabable character of the modifications which 
would be introduced by sub5ec[uent investigators. So far as the correc- 
tions for latitude and for variation of gravity are concerned, little need 
be said. Their numerical values would have to be changed, it is true, 
whenever improved methods of research should make possible more accu- 
rate determinations of the values of the physical constants involved. 
But, as the only constants to be considered in this connection are the 
length of a seconds pendulum and the mean radius of the earth, it is 
evident that the changes, when made, could have only a very small effect 
upon the final result, — the values of these constants already adopted 
leaving but little to be desired in the way of accui-acy. The addition by 
Oltmanna of a fifth term, to introduce a small con-ection depending upon 
the height of the lower barometer above the sea-level, requires also only 
a passing mention. 

* Mecnniiiao Celeste, Bowditoli's traiislatioii. Vol. IV. p. 571. 
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The pressure term and the temperature term, therefore, are the only ones 
remaiuing, suhject to any e^ential modification; and in what follows it 
win be seen how varied in character the modifications proposed have heeo. 

It is necessary to observe, however, that many of the changes which 
the fomiula has undergone, though of great importance in themselves, 
were really less radical than would appear at first sight As first pub- 
lished the formula was ill-adapted for purposes of calculation. The opei'- 
ations required were complex, and the work was tedious. Transformations 
were therefore made with the view of reducing the amount of numerical 
computation, or of securing a tolerable approximation with very little 
labor, or of adapting the formula to different standards of measure, but 
not necessarily connected with the idea of remedying any of its deficien- 
cies or increasing its theoretical or practical accuracy. Hypaometrieal 
tables of greater or less extent, some requiring and some avoiding the 
use of logarithms, and giving i-esults in English, French, or other units 
of measure, have been published from time to time, but in almost all 
cases the criterion, according to which the ultimate value of the table 
was to be judged, was the more or less close agreement of the results 
with those which would have been obtained if the foimula of Laplace 
had been applied r^orously. The special formula upon which each set 
of tables was based might differ widely in form, though not in substance, 
from that of Laplace. The tables proposed by Dr. Benzenbeig,* by aid 
of which an observer performing a few simple additions could tell his 
altitude at once, form no exception to this statement, for they were cal- 
culated upon the theory that it is possible, by the application of Ma- 
riotte's law, to determine how thick a layer of the atmosphere must he, 
at different altitudes, to just balance a column of mercuiy a hundredth 
of an inch in height. 

The numerical coefficient in the barometric fonnula can bo obtained in 
two ways. The empirical method consists in comparing the heights de- 
termined by exact trigonometrical operations with those obtained from 
observations of the barometer. In these comparisons this coefficient is 
regarded as an unknown CLuantity, and made to satisfy the condition that 
the two measurements shall be equal. In the second method, which is 

* See Gilbert's Annalcn der Yhysi\, Band XXXVI. ISIO. pp. 150-167. 
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more direct, the coefficient is dodiiecd from a comparison of the specific 
gravities of air and mercmy, but it is evidently subject fco any inaccu- 
racies ■with wliich these quantities are affected, aud can take no account 
of possible differences in the constitution of the upper atmosphere, which 
might affect the ratio existing between the weights of equal volumes of 
these substaaces at high elevations. The coefficient derived from theo- 
retical considerations alone giving results which were too small, Laplace 
adopted the empirical value deteimined by Eamond from measurements 
made in the Pyrenees. The mountain selected for these measurements 
was the Pic du Midi de Bigorre, a peak -which rise.9 to an altitude of 
over nine thousand feet above the level of the sea, and which waa ex- 
tremely well situated for experiments of this kind, being comparatively 
isolated, and not being separated by any intervening ridge from the sta- 
tion on the plain, eight thousand feet below, where the corresponding 
observations were talien.* The observations were taken in the latter part 
of September, 1803, and, in all instances, near the middle of the day. 
It is evident that a coefficient thus determined would be rigorously exact 
only for measurements under similar conditions. If a mountain in a dif- 
ferent latitude had been chosen, or if a different month or a different 
hour of the day had been selected, or if the measurements had been made 
upon stormy instead of upon pleasant days, the munerical value of the 
coefficient would doubtless have been different; how much different it is 
needless now to inquire. It is sufficient to. know that the number fiu^y 
adopted by Laplace, and published in the "M^canique Celeste," was the 
one which seemed most accurate, on the supposition that the lower ba- 
rometer was at the level of the sea, in latitude 45°, and that the tem- 
perature of the air was that of melting ice. What effect the climatic 
conditions prevailing in the region of the Pyrenees would have upon this 
coefficient it is not possible to say, but it would not be strange if the 
coefficient had to be increased or diminished in order to attain the hast 
results in regions where the climate differed much from that of the Pyr- 
enees. This view was, indeed, advanced and defended by the German 
astronomer, Lindenau,t who, in the construction of his tables, which were 



* Eiiniond'a M^moires sur la Fornmla Earomitrique. Fans, 1811. p. 5. 
+ Lindenau's Tables Barometriques, Gotha, 1809. p. xxxvLi. 
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iutended more eapeeially for use ia Gtermany, adopted a value differing 
to some extent from that fixed by Eamoud, The elaborate investigations 
of Eegnault, in the course of which the specific gravities of air and mer- 
cury were ascertained to a greater degree of accuracy than ever Ijefore, 
led also to some modifications of the barometric coefficient; a new value, 
somewhat larger than Esmond's, beii^ adopted by Pkntamour* in his 
tables, which, adapted to English measures, have been published by Col- 
onel Williamson in the appendix to his treatise "On the Use of the 
Barometer." f 

The changes, however, in the numerical coefficient have been neither 
great in amount nor of such a nature as to cause the discordant results 
which have been referred to above to disappear ; and it ia evident that 
the cause of the diffleiilty must l3e sought elsewhere than in the erro- 
neous estimations of this quantity. It is not unlikely that the coeflicient 
which would give the best results in Europe or in the eastern part of 
the United States would not be the one best adapted for the climate of 
California; but it is equally improbable that any important advantage 
would be gained by any attempt to determine a special coefficient for 
use on the Pacific coast. The results of Colonel Williamson's examina- 
tion f into the possibility of assigning values to the barometric constants 
which shall give a "correct value to the mean difference of altitude, and 
at the same time make the computed results the same for all the months," 
can well be taken as conclusive in this respect The substitution of a 
coeflicient based upon the best modem determinations of specific gravity 
in Uie place of the less accurate number adopted by Laplace is an ad- 
vantage, but does not bring the results obtained under diverse atmos- 
pheric conditions iuto any better accord with each other. 

The other portion of the pressure term of Laplace's formula depends 
upon the supposition that the atmosphere is in a conthtion of equilib- 
rium, and that the column of mercury in the barometer is balanced by 
a column of air reaching to the outer limit of the atmosphere. Were all 
the forces which tend to cause motion in the atmosphere to cease acting, 

* Mi^moiits de la Suciete de Physique et d'Histoire Katvirelle de Genere. Tom. XIII. 
1852. pp. 53 note, and 66. 
+ Professional Papers of tlie Corps of Engineers, U. S. Army, So. 15. 1S07. 
J Pages 221 - 228 of the work just tited. 
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this supposed condition of eq^uilibrium would soon be attained; but so 
loQw as tbese forces act there must always be a greater or less inaccuracy 
in the supposition, and a corresponding eiror in the results obtained from 
using the formula. This source of error cannot be avoided entirely, — at 
least not from any theoretical considerations; and the only resource left 
us is to reject or to assign less weight to observations taken at times of 
manifestly unusual atmospheric disturbance. From two other points of 
view, however, this term has been supposed to be faulty. Dr. Eenzen- 
beig,* applying Dalton's law relating to mixtures of independent gases, 
was convinced that each of the four principal components of the atmos- 
phere — namely, oxygen, nitrogen, carbonic acid, and aqueous vapor — 
acted upon the barometric column independently of the others, and that each 
followed a special law of diminution in density with increase of altitude ; 
so that, to secure perfect results, four pressure terms were really neces- 
sary. The density of the oxygen atmosphere would decrease more rapidly 
than that of the nitrogen, and that of the carbonic acid more rapidly 
than either; and the volumes of these gases in the atmosphere would thus 
be proportionally different at different altitudes. Instead of changing the 
foimula Benzenberg prepared a table of connections to be applied to the 
calculated results; from which it appears that the correction is negative 
for altitudes less than about thirty-foiu' thousand feet (the maximum nu- 
merical value being 30.9 feet for altitudes of fifteen thousand feet), and 
positive for higher elevations. At first sight it seems as if these correc- 
tions must be made, but experiment has shown that air collected at all 
elevations alcove the surface, in balloon ascents, contains oxygen and ni- 
trogen in almost precisely the same proportions. Owing to the extreme 
mobility and continued agitation of the air, the state of equilibrium in 
which the gases would be arranged as Benzenbeig supposed is never at- 
tained, and consequently the necessity for the connections vanishes.! ^<^^- 
sel's discussion,! moreover, of the distribution of aqueous vapor in the 

• Gilberts Annaleii der Pliyaik, Baud XLII. 1812. pp. iaa-17e, 

+ In "Air and Eain," London, 1872, Dr. Robeit Angus Smith dtes a considerable num- 
ber of analyses in which there seenis to be evidence of a fJiglitly smaller peiiientage of oxygen 
at high altitndes ; but as this is explained by an accompanying change in the amount of car- 
bonic acid present, it cannot be Tsgardod as jiwtifying Benzenberg's corrections. Compavs, 
also, Her.^ehel's Meteoralogy, p. 21. 

t Astronomisehe Naehrichten, No. 357 ; Altona, 1838, 
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atmosphere seema to Iffi decisive against the theory, in its fulness, that 
each gas or vapor in the air, or other mixture of gases, is exj)osed on]y 
to the pressure of its own particles. 

The second criticism referred to is, that Laplace erred in considering 
the effective ait column as a vertical cylinder rather than as a portion of 
a cone whose vertex is at the centre of the earth. Dr. Ohm * has the 
credit of first calling attention to this point. His formula is simpler in 
some respects than that of Laplace, and was received with considerable 
favor, though practically, as observed by Professor Eogg.f the simpli- 
fication amounts to no more than doing away with the correction for 
the variation in the iuteusity of gravity. The same observation was also 
made by Zech,i in his approving notice of Ohm's formula. On the other 
hand. Professor Guldbe^ § of Christiania has well shown that it was Ohm, 
after all, instead of Laplace, who was in fault by neglecting, in the de- 
velopment of his formula, the effects of lateral pressures. 

The conclusion is therefore inevitable that the pressure term, at least, 
is to be considered essentially unalterable, — no change having been pro- 
posed which can be regarded as an improvement or as likely to be of 
service in diminishing the discrepancies whose removal is desired. 

There remains, then, the temjierature tei-m to be examined. With every 
increase of temperature the air column expands, or, what amounts to the 
same thing, a relatively larger portion of the mass of the air is found 
above the higher of two barometers ; and the difference of altitude between 
them, as estimated from the barometric readings, wiH be less than it 
would have been if the air had remained constantly at the lower tem- 
perature. Any increase of moisture in the atmosphere would evidently 
have a simitar effect, — aqueous vapor being specifically lighter than air. 
Both these effects are provided for by the temperature term, as commonly 
written, which consequently becomes subject to change from two points 
of view. 

The value of the con-ection for temperature, independently of moisture, 
upon the absolute rate of expansion of air by heat and upon 



* Ohm's GnindEugs der Physik, Fui'emtiei'g, 1853. pp. 182-193. 

+ See SehlBmileli's ZeitsEhrift fiir Mathematik und Phjaik, Hiuid 7. 1S62. p. 144. 

J Afitroiiomiaclie Haehrieliten, Band XLI, 1855. p. 40, 

g See Sohlomaeh's Zeitsehrift, Band 7, pp. 359-363. 
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the law which governs the decrease of temperature as the altitude in- 
creases. The coefficient of expansion of air has heen determined with 
sach nicety that no fnrther change need be expected in that direction; 
hut the caae is otherwise with the law of decrease of temperature. This 
law, in fact, is not known; and it seems scarcely probable that any law 
will ever he discovered which will explain all the observed facts. Were 
the atmosphere subject to fewer changes and disturbances, the chances for 
detecting such a law would be greater, and there would be more encour- 
agement for undertaking an investigation with that object iu view. As 
the caae stands, the only course left is to adopt some hypothesis which 
shall either simplify the formula or shall be moat in harmony with well- 
groujided theoretical considerations. The hypothesis adopted by Laplace, 
avowedly for the sake of simplicity, and justified by the consideration 
that only "a small interval in comparison with the whole height of the 
atmosphere " is in question, was that the temperature decreases " nearly 
in an arithmetical progression " from one station to the other ; * which is 
nearly the same as supposing the temperature of the air column to be 
uniform throughout, and ecLual to the mean of the temperatures at the 
lower and upper stations. This hypothesis also assumes that two columns 
of air, exposed to the same pressure, have the same height, whether the 
temperature decreases or increases from below upwards, provided only the 
mean temperature remains unaffected. 

Here seems to be a weak point in the formula; for, had any other 
hypothesis been adopted, a different value for the temperature correction 
would have been obtained. Lindenau f was one of the first to suggest a 
change. Comparing the results of his study of the laws of astronomical 
refraction with direct thermometrie observations at different altitudes, be 
was led to the conclusion that the temperature decreases less rapidly in 
the upper than in the lower regions of the atmosphere ; and, following in 
the track of Euler and of Oriani, he assumed that the decrease of tem- 
perature was in accordance with an harmonic progresaion,J and constructed 

* Mecauiqiie Celeste, Bowditch'a Tmnalation, Vol. IV. p. 586. 
+ Tables BarometTir[uea, p. laxviii. 

i Three numbeTs, anmiged in decreasing order of sise, form, an liarmonic proportwn when tlie 
!e of the first and the second is to the diiferenoe of the second and the iJiird as the first 

o the third. In a series of numhere arranged as an harnwnic progresswit, any tliree conseeu- 

3 teims form aii harmonie proportio'/i. 
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his tables on this basis. Tbia bypotbesLs, bowever, instead of simplify- 
ing, complicates the formula, and contributes little or nothing to Us accu- 
racy; for the law of decrease of temperature ia stiQ left in doubt. In 
other respects the researches of Lindeuau belong among the most impor- 
tant contributions to the subject of barometric hypsometry, and his his- 
torical sketch of the development of the earlier formulae was mucb more 
complete than anything that bad preceded. 

A more important alteration in the form of the temperature correction 
has been proposed by General Eaeyer.* On the ground that the atmos- 
phere, or at least that portion of it with which barometric caJcularions 
would have to deal, derives its heat principally from the earth, and only 
to a comparatively small degree from the direct rays of the sun, he as- 
sumed that the rate of decrease of temperature in the successive strata 
of the atmosphere would vary as the square of their distances from the 
centre of the earth; and he represented the difference of temperature be- 
tween the upper and lower stations by a series of terms in which the 
first and second powers of these distances, together with constant coeffi- 
cients whose values were to be determined empirically, were involved. 
The determination of the numerical values of these coefiicients was to be 
based upon the effects of refraction, for in this way the actual variations 
in the density of the air column would be talten into account, and the 
influence of possible local disturbances of temperature at the extreme 
stations be avoided. General Eaeyer's mathematical treatment of the 
problem is elaborate, but not in aU particulars satisfactory. Por alti- 
tudes of less than six thousand feet, be assumes, for reasons which are 
not clearly stated, that certain terms in his series may be neglected ; 
and he finally adopts an expression which makes the difference of tem- 
perature between two stations increase directly as their difference of 
altitude, thus apparently abandoning the special hypothesis ■which was 
to make his formula essentially diftereat from that of Laplace. The 
examination of the conditions of the problem for greater altitudes he 
seems not to have entered upon. The principal temperature coefficient, 
moreover, whose value was deduced from observations upon atmospheric 
refi'aetiou, was found not to be strictly a constant. This is readily ex- 

• Astronomiache Hachrichfen, Band SLI, 1865, pp. 305 -336; ami Po^oiidorli"3 Aiumlen 
der Physik und Chemie, Band XCVIII. 1850, pp. 371 - 396. 
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if we admit, as we must, that the actual rate of decrease of 
temperatuie with increase of altitude does not in all cases and under all 
circumstances follow the same law. A mean value for this coefficient is 
employed in the formula in order to obtain a first approximate difference of 
altitude, which, in its turn, is used to get a special value of the coeffi- 
cient, which will correspond better with the actual conditions of the 
case in hand. The results obtained in this way differ in a slight degree 
from those given by Laplace's formula; but^ as will appear further on, 
they ai'e not free from the uTcgularities and unperfections previously re- 
ferred to, which it is so desirable to explain or correct The conclusion 
reached, after a careful study of General Baeyer's discussion, is that, 
even if we are willing to allow that his hypothesis rests on a firmer 
theoretical basis than that of Laplace, the slight advantE^s gained, 
doubtful at best, are more than counterbalanced by the complexity of 
the formula and the character of the numerical operations required in 
its use. 

The two principal, and possibly the only radical changes proposed iu 
the correction for temperature alone thus appear to have yielded no val- 
uable results ; and the simpler hypothesis of Laplace may well be ac- 
cepted as practically the best in the present state of our knowledge of 
the physics of the atmosphere. 

In Laplace's formula the collection for the effect of moisture is intro- 
duced by increasing the value of the temperature correction by about 
one tenth of its whole amount; an increase which in many cases will 
correspond very well to the actual hygrometric condition of the atmos- 
phere, and which has the additional advantage of shortening to some ex- 
tent the numerical computations. But no claim for accuracy can be 
urged in ite favor. In fact, when the mean temperature of the air col- 
umn between two barometric stations falls below the freezing-point of 
water, this mode of accounting for the effects of moisture actually intro- 
duces au error; for the temperature term in this case is subtractive, 
while the correction for moisture should stiR be additive,* 

Bessel, in his " Bemerkungen iiber barometrisches Hohenmesseu," f seems 

* CompHre a paper by Dr. Apjohn, in the Proceedings of the Koyal Irisii Academy, Vol. II. 
18H. p. 664. This is the earliest mention of this source of error ivhich I have met ivith. 
+ Astronomiache Sachrioht^n, Nos. 358, 857 ; Altona, 183S. 
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to have been the first to give the question of a separate correction for 
the effect of moisture a thorough investigation. His discussion of the 
. subject is quite long, and the resulting foiinula considerably more com- 
plex than that of Laplace, though not difiicult to adapt for coruputation 
■with the aid of appropriate tables. In the employment of this foiinula 
it is necessary to knovr the fraction which represents the humidity of 
the air-column between the two stations, for which in practice, in the 
absence of better data, the ineau of the humidities at the extreme sta- 
tions may be substituted. 

FormuliB introducing a special vapor correction have also been pub- 
lished by PlantamouT, WiUiamson, Bauemfeind, Eenny, EtihlmaDn, and 
others. Plantamour'a formula* differs from that of Eessel principally 
in the augmented value of tlie numerical coefficient, and was the one 
chosen by Colonel "Williamson for translation into Enghsh measures. The 
investigations of Dr. Eauerafeind f were going on nearly at the same 
time as those of Plantamour, and led to nearly the same results, so far as 
the improvement of the barometric formula is concerned. Of the other 
interesting and valuable meteorological resulta of his investigations it is 
not necessary here to speak. Eenny.f who appears also to have been 
an original investigator in this field, applied the vapor correction by 
subtracting from the observed heights of the mercury columu the amounts 
due to the tension of the aqueous vapor, avoiding in this way any ref- 
erence to the relative humidity. The results obtained, however, by the 
use of this formula are practically identical with those derived fiwrn 
Plantamour's. Neither does Eiihlmaun's formula § differ essentially from 
the two just mentioned, but it contains, more for the sake of complete- 
ness than from any hope of additional practical benefit, a small term in- 
tended to take into account the effect of the attractions of the mountain 
masses themselves. 

Theoi'etically the formula of this type must be regarded as the most 

• Mfimoirea de la SaciM de Physique et d'Histoiii: naturelle de Geneve, Tom. XIII. 1852. 
p 63 

+ Beohaehtungen uud TJotei'snollungeii iiber die Genanigkeit barometriacher Hohenmessujigen, 
etc Munchen, 1862. 

J TranbiKtiont, of the Eojdirisli Academy, Vol. XXIII. 3859. pp. iS7- iiS, and 623 - 663. 

g Die barometnsclien Hoheiimessuugen, etc. Leipzig, 1870. 
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nearly perfect, and under favorable circumstauces Lliey -will doubtless 
give resulta wMcb arc a closer approximatioa to the truth, aud more in 
accord with each other than those obtained when the temperature and 
moisture corrections are combined in one. For, during the warm season, 
when the air is relatively dry, the combination of the two corrections in 
one increases a quantity which is already too large, while for the winter, 
or wet season, the moisture correction is underestimated, and a quantity 
already too smaE is atill further diminished. The principal difficulty in 
the -way of a more general adoption of this type of formula lies in the 
uaeertainty attending the observations which have to be depended upon 
in estimating the humidity of the air. When the mean of a long series 
can be used, it is possible to approximate quite closely to the real mean 
humidity, but the error of any single observation may well be fully equal 
to that introduced by combining into one both the temperature and moist- 
ure corrections. In general, Laplace's formula will give higher results 
than Plantamour's in countries where the climate is dry, and lower 
where the climate is moist. The numerical values of these dilferencos 
in two cases are shown in the following table, which is made up from 
Tables LIII, and UV. of WiUiamson: — 

TABLE SHOWING THE EFFECT OV A SErARATE CORRECTION FOR MOISTURE, 





.»>. 


Feb. 


Mar, 


Apr, 


May, 


June, 1 July 


Ai^. 


Sept, Oct. 


Nov, 


Dec, 


Kean 


Eange. 


I. 


21.5 


19.1 


15.7 


U.3 


7.4 


7.3 


5.7 


7,0 


8.6] 11.6 


15.8 


19,8 


12.( 


15.8 


11. 1 4.4 3,0 


1.3 


-2.5 


-4.0 


-6,0 


-7.7 


-3,3 


-6.0!-2.1 0,7 


4.2 


-1.5 


12,1 



Case I. is that of Geneva and St. Bernard in Switzerland, whose dif- 
ference of altitude is 6791,4 feet. The separate calculation of the vapor 
cori'ection gives for every month of the year a higher value than is 
obtained when it is combined with the temperature correction, showing 
that for this particular ease Laplace's arbitrary increase of the temperature 
term was insufficient. Case 11. is that of Sacramento and Fort Churchill, 
where the difference of altitude amounts to about 4,238 feet. From April 
to October the atmosphere is very dry, and the true correction for moisture 
is seen to be less than that involved in Laplace's formula, though the 
two results from yearly means ^ree remarkably welL 
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The range of the differences amounts, in the first case, to 15.8 feet; 
which is sufficient to remove only about one-fifth part of the discrepancy 
between the results obtained in summer and in winter, as will be seen 
from the following table, -which gives the computed difference of altitude 
between Geneva and St. Bernard for eaeh month of the year, from the 
mean of observations continued through six years, and their variations 
from the true difference determined by spu'it-levcl. The grand mean for 
the six years is 6782.4 feet, which is less than the true altitude by niue 
feet. 



COMPUTED DIPFEEESCE OF ALTITUDK BETWEEN GENEVA AND ST. BERNARD. 



January „ 
February 
March ... 

May 

June 



6T45.5 
6762.6 



July 

August 

September 
October .,., 
November 



6820.9 
6807.8 
6784.8 
6767.9 
6755.6 
6747.8 



The range of error amounts here to 75.4 feet, although the computations 
were made with the aid of tables which introduce the special moisture 
correction, and the conditions were favorable for obtaining the best agree- 
ing results. 

The different portions of the formnla Lave now been made to pass in 
review, and it appears that no changes in its form or in the numerical 
values of its constant terms have been sufficient to overcome entirely 
the observed discrepancies. The further discussion of the problem will 
be the subject of the nest chapter. 
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OHAPTEE II. 

DETAILED ACCOUISTT OF THE INVESTIGATION IN" 
CALIFOEMTA. 

FROM tlie summary account given in Chapter I. of the principal changes 
which have been proposed since the time of Laplace for the sake of 
increasing the accuTaey of barometric measuTeraents, it will be evident that, 
after all the real improvements have been incorporated into the formula, 
there is stiU a source of uncertainty in the results obtained, which requires 
a further examination. It was an investigation of this kind which was 
entered upon by the California Survey, the primary object being to secure 
a table of corrections which could be used for increasing or dirainisliing 
the heights computed from observations talten under widely varying con- 
ditions, at different seasons of the year and at all horns of the day, so 
as to attain as close an approximation to the truth as possible. The 
same table would also serve to indicate the hour of the day in each 
month of the year at which the nearest approach to truth would be 
attained. 

At the time the investigation was begun it was not known to any 
one connected with the Survey that any similar tables had ever been 
published, or that the subject had been approached from this direction; 
and even if the many curious and instructive results which a rather ex- 
tensive examination of the hterature of hypsometry since the beginning 
of the present century has brought to light had been knoivn, the neces- 
sity for undertaking the California investigation would have been in no 
wise diminished, the climatic conditions on the slopes of the Sierra Ne- 
vada differing in so many respects from those of Europe or Asia. The 
brief slietch of the labors of others upon this subject which will be given 
in Chapter III. will show, moreover, that no practical heneiit appears to 
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have been derived from the tables published or the si^eations made. 
Thei-e is no reason to believe that systematic corrections, to eliminate 
the eiTors due to the season of the year at which the observations were 
taken, have ever been applied to any extensive series of barometric meas- 
urement either in this country or in Europe. 

With the single exception of Colonel Williamson's work, to which 
reference has already been made, there has been nothing of importance 
published, which has any direct bearing upon the special phases of the 
problem, as it presents itself upon the Pacific coast of the United States. 
Had he been able to continue his investigations, he would doubtless have 
given this portion of the subject the same careful study, and published 
the results with the same painstaking thoroughness, which marks his 
previous labors. In a certain sense the present investigation may be 
regarded as supplementary to his, but its claims to originality and novelty 
are beyond question. 

The first requisite in the investigation was the accumulation of trust- 
worthy observations, talten at stated times and continued regularly for a 
loi^ period, at points whose differences of altitude were known from 
careful sur\'eys with the spirit-leveL A year's obsei'vations, at least, would 
be necessary to furnish data for estimating the effects of the changes in 
the atmosphere with the change of seasons; and a much longer series, 
to eliminate the possible abnormal conditions prevailing during any one 
month. The results of the first year's observations were, on the whole, 
satisfactory, and fully justified the continuance of the investigation for a 
longer period. The second year's results agreed in the main quite weR 
with those of the first year, although there were unexpectedly large vari- 
ations in certain months, and it was decided to prepare a first set of 
tables at the end of the third year, which would be available for im- 
mediate use and nntU they were superseded by more accurate tables, based 
upon additional observations. The investigation had to be suspended, 
however, after the third year, from lack of funds, and the additional 
obsei-vations have not been taken. The instruments used were all made 
by James Green of New York, and consisted of cistern barometers, with 
verniers reading to two thousandths of an inch, and standard thermome- 
ters, so graduated that it was possible to estimate tenths of a Fahrenheit 
degree with ease. There was at each station a pair of these thermome- 
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ters the bulb of one being kept wet while the othei wis dij thus 
furnishing the data for estlm^tlng the irnount of moisture m the an 
Thej ^^ele jiDtected from the effects of lefle ted heit is well as fiim the 
direct rays of the sun and placed m all ca^ei se\ ei i,l feet above the 
giound in such positions that there woild always 1« a free circvilation 
)f 111 il uut them The ba mi.tors weie compared with each other and 
with the "itin lai 1 1 ir meter it the Survey oflice both at the besrinning 
of the WDik anl suliej^ucntlv whenever i vr^it to the statiDns mide such 
companions po'^s hie A recoi 1 of the index errors wis kept ind the 
jioper c ireotiODS apphel to ill the leiJmgs jreliminary to the oom 
putationa. 

The points selected as observing stations were Sacramento, Colfax, and 
Snmmitj on the line of the Central Pacific EaDi'oad, the altitude of each 
station being known from the railroad surveys. Every possible assistance 
was given by the officers of the railroad, and at Colfax and Summit the 
instruments were set up in buildings belonging to the company. At 
Sacramento the observations were taken on L Street, at the house of Mr. 
A. A Freeman, an employee of the railroad company as draughtsman in 
the office of the chief engineer. At Sacramento and Colfax the position 
of the iustmments remained unchanged during the whole three years, 
but at Summit one change waa made necessary before the expiration of 
the first half-year by the removal of the company's office to a more con- 
venient spot near the hotel The barometer hung about four feet higher 
in its new position, for which allowance waa made in the computations. 

The observations at Sacramento were taken by Mr. Freeman, or some 
substitute during any temporary absence, and furnish a nearly unbroken 
record of the chaises of pressure, temperature, and moisture in the atmos- 
phere for tho three years. The observer at Colfax was the station-agent, 
Mr. J. P. Hodgdon, or his assistant, Mr. Logner. The monthly returns 
fix)m Colfax were not q^uito so complete as those from Sacramento, and 
at one time the barometer was out of order so that no observations could 
be taken for five days. The accidental omissiona, which averaged two a 
month, were so scattered that it was generally possible to interpolate a 
suitable value within such narrow limits of error that the value of the 
monthly means would not be perceptibly affected. 

At Summit the number of sporadic omissions was smaller than at Col- 
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fax, "but breaks of a longer duration were, unfortunately, more frequent. 
At one time there was an inteiTuption of ten days, caused by the break- 
ing of the barometer ; and at other times there were intervals of thirteen 
days and of five days in which no readings of the barometer were talten. 
The observations at Summit also came to an end a month before the close 
of the third year by the death of the observer, newa of which was not 
received by the director of the Survey in time to make arrangements for 
the continuance of the work by his successor at the offica Several acci- 
dents, moreover, happened to the thermometers. During the first winter 
they were both broken, and they could not be replaced fi.-om New York 
for four months. For this interval there were no observations with the 
wet bulb, and the place of the diy bulb was supplied by a thermometer 
- belonging to the railroad company. This thermometer was found to give 
results agreeing very closely with those of Green's standard thennoraeters, 
and it was not thought necessary to apply any connection to its readings. 
During the second winter the wet-bulb thermometer was reported " broken 
by the snow," and there was a consecLuent intemiption in the psychro- 
metric obsei'vations until a new theiinometer could be sent from San 
Francisco. The record of the observations of the psychroraeter shows, 
furthermore, that good results cannot be obtained during the cold weather 
without extraordinary care on the part of the observer. At Summit the 
wet-bulb thermometer, for a laige part of each winter season, was recorded 
as standing within one or two degrees of the freezing-point of water, 
though the temperature of the air might be as much as twenty or thirty 
degrees lower. The only explanation of this is that the observers did not 
watch for the effects of the evaporation of the film of ice which formed 
about the bulb of the thermometer, but recorrlcd the reading too soon 
after moistening the bulb. 

Another cause of the irregularity at Summit was the frequent change 
of observer, which occurred whenever a change was made by the railroad 
company in the agent in chaise of the station. Mr. C. F. Gooding had 
chaise of the instruments at this point for the first four mouths, and 
was followed by Messrs. Wales, Potter, Stewart, Shearer, and Haskins in 
succession, all of whom had to be instructed in the methods of observing. 
Their short terms of service naturally interfered with their becoming skiUed 
observers. Nevertheless, the work seems to have been done for the most 
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part conscientiously^ and the iueTitable errors of observation may fairly 
be considered as eliminated from the monthly means, excepting so far as 
rdatea to the wet bulb for the times when the temperature was below 
thirty-two degrees. The Summit record for the month of August, 1873, 
however, presented so many anomalies that it was impossible to avoid 
the conclusion tliat the observations were imperfect or that en-ors had 
crept into the record in copying, i'or this reason the i-esults of this 
month's work have been considered of less value and allowed less weight 
in the final discussions. 

The distances of the stations from each other in a straight bne and 
their differences of altitude ticcording to the railroad surveys are as 
follows : — 

Distince, DiffersHQc of nUitude, 

Sacramento to Colfax 45 miles 2,309 feet 

Colfax to Summit 36 " 4,590 " 

Sacramento to Siinmiit 77 " 6,989 " 

The absolute altitudes of the railroad stations at these points are given 
as 31, 2,425, and 7,017 feet respectively, but the difference of altitudes 
given above takes into account the actual position of the barometers, 
above or below the level of the milroad track. The approximate latitude 
of Sacramento is 38° 35', of Colfax 39° 7', and of Summit 39° 20'. 

Sacramento, though so nearJy at the level of the sea, is shut off by the 
coast ranges of mountains, except through a narrow opening by which 
the river makes its way to the ocean, from the sea-breezes which are so 
strong at San Prancisco, and other direct effects of the vicinity of large 
bodies of water. As a meteoi-ological station it is an excellent representa- 
tive of the great valley of California, which stretches from the southeast 
to the northwest between the coast ranges and the SieiTa Nevada, and 
which, from the nature of things, must be the base of operations in almost 
all the surveys of the mountains on either sida In all barometric work 
in the Sierra or on the eastern slope of the coast ranges much better 
results will be obtained if the station barometer is kept in the neighbor- 
hood of Sacramento, than would be the case if San Francisco, or other 
point directly on the coast, were used as a base, though the absolute 
altitude of the two points above the sea-level might be the same. The 
results of an attempt to determine barometrically the difference of level 
between San Francisco and Sacramento, given on page 48, wiU illustrate 
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in a very marked manner the effect of the diffcrcncea of climate on tlie 
two sides of the coast ranges. 

The town of Colfax lies on the ridge hetweeu the vallej of Bear 
Eiver and that of the North Pork of the American, which is followed by 
the railroad in its ascent of the mountains. It is not shut in hy hilla 
on either side, nor so exposed as to he swept hy violent winds or 
affected hy other local causes of atmospheric disturbance. Snow falls 
only at rare intervals, and never hes upon the ground for any length of 
time. Although over 2,400 feet above the sea-level, the mean temperature 
of Colfax from June to January is actually Jrigher than that of Sacra- 
mento, which proves the station to have been well chosen as a means of 
getting data for the study of the peculiar effects of the abnormally warm 
belt of country which stretches along the foot-hills parallel to the general 
trend of the valley. 

At Summit the conditions are not quite so favorable. The railroad 
station stands a short distance below the culminating point of Donner 
Pass, near the west end of the tunnel, a third of a mile in length, 
by means of which the crossii^ of the ridge is effected. The enclos- 
ing hills on either side rise with considerable steepness for several 
hundred feet, though not so abruptly as to produce the effect of a goi^e. 
The prevailing winds are deflected somewhat by the ridges which bound 
the approaches to the pass, and this may possibly have some influence 
upon the temperature; how much it is impossible to say. A more seriouB 
obstacle in the way of getting perfectly satisfactory observations for tem- 
perature is presented by the sheds built over the railroad tract to keep 
it clear from snow, which accumulates during the winter to the depth 
of twenty feet or more at this part of the mountains. The snow-sheds 
are extended so as to include the railroad office and the approach to tlie 
hotel during the worst of the winter, and thus the thermometers may 
not have been fairly exposed to the open air all the time the observa- 
tions were going on. In making the necessary reductions and computa- 
tions, these sources of error were kept in mind, and any unusual or 
remarkable deviations examined with care. 

The observations were taken three times a day, — at 7 a. m., 2 p. m., 
and 9 P, M., the hours recommended for the observers who collect 
meteorological data for the Smithsonian Institution. From observations 



, Google 



CORRECTIONS FOE CALIFOENIA. 'SI 

taken at these three hours, it Iiaa been found that a very good daily 
mean can be obtained hy taking simply the mean of the ohser\'atioiis, 
and it was not thought necessary to adopt any more accurate method of 
aiscertainiog this mean ; such, for instance, as those recommended by 
Colonel Williamson.* Hourly observations, if they could have been 
obtained, would have given results worthy of a higher degree of confi- 
dence, it is true, but, with the limited means available for the prosecu- 
tion of this work, it is doubtful if the extra degree of refinemeut 
attained would have justified the outlay of money and time requisite 
for the numerical reductions and computations. The observations were 
sent at the close of each month to the office of the Survey at San 
. Francisco, and the reductions were made as rapidly as the nature of the 
case would permit. The barometric readings were first corrected for 
temperature, and then increased or diminished by the amount of the 
index error, so as to bring all the data into harmony with the same 
unchanging standard. No index error was applied to the readings of the 
thermometers. The following tables show the mean height of the 
barometer and the mean temperatm-e for the different months and hours 
of the day for the whole time the observations were continued. The 
work was begun at Summit and Colfax earher than at Sacramento, so 
that the means of September, 1870, are inserted for those two stations, 
though the computed results for September, 1870, have not been used in 
the subsecLuent course of the investigation. The means of the wet-bulb 
thermometer have not been included, pai-tly because of the incomplete- 
ness of the record, and partly because use was not made of them in tlio 
computations. In some cases the means given were derived from obser- 
vations extending over only a part of a month, but in only one month 
were observations lacking for more than eight days. For July, 1872, 
the means for Summit are derived from observations continued only from 
the iirst to the fifteenth of the month. The completeness of the record 
at Sacramento usually served as a guide in estimating how far the results 
derived from incomplete data could be regai'ded as fair representatives 
of the monthly record, and did away with the necessity of giviug any 
further special discussion to those cases. 

» On the Use of the Barometei-, p. 158. 



, Google 



BAllOMETEIC IIYPSOMETllY. 



MONTHLY MEANS OF BAROMETER AND THERMOMETER 
AT SACRAMENTO. (BAiiojiBTBn eedoced to 32= F.) 



January 7 A.M. 
Meam 



7 a.m. 



May 7 a.m. 

a P.M. 

Me.vn 

Jllll« 7 A.M. 

Mean 
July 7 A.M. 

2 V.H. 
August 7 A.M. 



Mean 
Octoljei' 7 a.m. 



YF.Ar. 2 1 

9 

Gka^d Mean 



BAROMETBR, 



THEKMOMETEB. 



29.892 
29.965 
29.962 
29.973 

29.914 
29.916 



80.116 
30.090 
30.101 



30.152 
30.131 
30.136 
80.139 

30.078 
30.054 
30.066 
30.065 



29,S32 
29.874 
29.915 
a0,907 
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MONTHLY MEAWS OF EABOMETEE AND 
AT COLFAX. (I 



BAROMETER. 



THERMOMETER 

D 32° F.) 

THEKMOMETBR- 



January 7 a.m. 



27.632 
27.607 
27.627 
27.022 



27.e08 
27.607 
27.6ie 
27.610 

27.555 
27.547 
27.563 



27.634 
27.505 
27.629 
27.619 

27.510 
27.505 
27.5ia 



May 7 a.m. 



Jiina 7 A.M. 



SeptPtnbKr 7 a,h, 

October 7 a.m 

Novflniber 7 A.M 

December 7 a.m 



27.603 
27.595 
27.599 



27.479 
27.473 
27.471 
27.475 



27.463 
27.470 
27.465 
27.468 

37.402 
27.486 
27.486 
27.488 



27.4S2 
27.463 
37.475 
27.473 



27.594 
27.611 
27.607 



27.527 
27.545 
27.645 

27.548 
27.528 
27.540 
27.539 

27.570 
27.553 
27.533 
27.562 

27.632 

27-520 

27.52'J 

[ 27.525 



27.554 
27.569 
27.562 

27.523 
27.524 
27.535 
27.527 

27.470 
27.466 
27.472 
27.469 

97.486 
27.493 
27.497 
27.492 

27.473 
27.468 
27.476 
27.472 

27.479 
27. 470 
27.476 
27.475 

27.518 
27.507 
27.511 
27.512 

27.569 
27.548 
27.671 
27.563 

27.627 
27.005 
27.035 



27.593 
27.618 
27.008 

27.553 
27.536 
27.652 
27.547 



27.423 
27.486 



27.430 
27.460 
27.482 



27.566 
27.635 
27.500 
27.560 



70.6 

67.0 
76.2 
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MONTHLY MEANS OP BAROMETER AND 
AT SUMMIT. (I 



THERMOMETER 
) 32° F.) 



Febrnary 7 A.sf 
2 p.m. 

Kuan 



7 a.m. 



Gkand Mean , 



BAROMETER. 



23.170 
23.185 
23. 172 



23.195 
23.204 
23.108 



23.383 
23.326 



THEKHOMETER. 
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From what has haen said about the observationa of the -wet-hulb 
thermometer, talien iu connection with the fact that one of the chief 
objects of the investigation was to prepare a table of corrections to be 
apphed to results obtained in different years and withont reference to 
the element of moisture, it is evident that for purposes of computation 
the choice lay between the tables of Guyot and those of Williamson, 
with omission of the portions relating especially to the effect of the 
vapor in the atmosphere. The observations of the first year, from Octo- 
ber, 1870, to September, 1871, were computed by both sets of tables, 
and the decision reached that Williamson's tables, which make altitudes 
about four feet in a thousand higher than those of Guyot, give results 
which, when the means of a long series are used, accord best with the 
true differences of altitude determined by the spirit-level. With Guyot's 
tables the errors of midday observations, it is true, are reduced, but those 
of momii^ and evenit^ are correspondingly increased. The computa- 
tions for Tables I. - IX., which form the basis of the subseq^uent tables 
of corrections, were all made with aid of Williamson's tables, the cor- 
rection for temperature in all cases being made by multiplying the first 
approximate difference of altitude by the sum of the temperatures of the 
air at the two stations diminished by 64, and then dividing by 900. 
The corrections for latitude and for decrease of gravity were applied 
separately in each computation. 

Tables I. -III. give the difference of altitude between Sacramento and 
Colfax, determined barometrically from the mean of the 7 a. m., the 2 
p. M., and the 9 P. M. observations as well as from the mean of the day 
for each month, and from the mean of the year, for the three years from 
October, 1870, to September, 1873. The difference between the baro- 
metric determinations and the true difference of altitude is also shown in 
the parallel columns. Tables IV, - VI, and VII. - IX. comprise the same 
data for the stations Sacramento and Summit, and Colfax and Summit 
respectively. Tables X.~XTI., which show the means of these years, 
were deduced from the preceding tables, and not computed indepen- 
dently from the means of the recorded observations, as it was found from 
a few trials that the results would be practically identical. 

An inspection of these twelve tables leads unmistakably to the follow- 
ing conclusions. 
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L The remits are always lower at morning and night titan at mid- 
day. To this statement there is absolutely no exception. 

II. The, results are lower in winier than in summer. This must also 
he regarded as universally true, in spite of certain anomalies, for which 
no complete explanation suggests itself. For instance, in Tables I. and 
IV., it appears that the 9 P. M. result was actually higher in February, 
1871, thau in June, July, or August of that year, when the computations 
■were made with reference to Sacramento as the lower station, though the 
anomaly is less strongly marked in Table VII, for which the lower 
station was Colfax. In Table II. the 9 p. M. result for December was 
the highest of the evening results, with one exception, for the whole of 
the second year; while Tables V. and VIIL, which cover the same time as 
Table II., sliow the niaximum evening result of the whole year in 
February. 

The only explanation that can be offered is, that, in February and De- 
cember, 1871, there were unusual conditions of the atmosphere prevailing 
in the valley, and, in February, 1872, upon the mountains. The expla- 
nation J3 far from satisfactory, but it seems impossible tu regard the 
anomalies as due to imperfections in the observations. There is no 
reason to beheve that the observers made any change in the positions 
of the instruments or exercised less than their ordinary care in obsei'v- 
iug during those months. 

Abnormally high results for both morning and evenu^ appear also in 
Tables VI. and IX., for the month of February, 1873. The absence of 
cortespondii^ iri'egularities in Table III. points again to the mountains 
as the seat of the disturbance. In fact, the barometer at Summit stood 
lower for the month of February, 1873, than for any other month during 
the whole three years ; while, both at Sacramento and Colfax, the barom- 
eter, though lower than for the same month in the preceding years, was 
by no means at its minimum. 

III. From the two preceding considerations it follows that, as a general 
rule, the lower the temperature of tlie localiiy, the lower the larometric 
result, and vice versa. 

IV. Altitudes determined from daily means apprcxximate most closely to 
the truth in February, September, and October between Sacramento and 
Colfax; that is to say, dming the months of transition from one extreme 
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season to the other. Between Saeiamento and Snimnit the "best re,su!te 
from daily means are obtained in the smnmer months, fi-orn June to 
August; while between Colfax and Summit the beat daily means are to 
be expected in March, April, and September. 

V. 27t€ mean of the day for points in the, foot-hills is mudi too high 
during the summer, though not far from the truth in the winter; but 
for mountain localities, the station barometer being kept in the valley in 
both cases, the summer season gives the best approximation, the results 
in winter being much too low. 

VI. Midday observations give results which are greatly too high all the 
year round in the valley and foot-hills. The excess sometimes amounts in 
summer to more than a hundred feet, and seldom, if ever, falls below 
twenty-five feet, between Sacramento and Colfax, whose true difference 
of altitude is only twenty-four hundred feet. Between Sacramento and 
Summit the results from the 2 p. M. observations "were always too high 
except in the months of December or January, and the excess in one 
instance amounted to over one hundred and ninety feet. Only once did 
the result ot the tw ocloeh observation fill t(o low 1 etw m Coltiv 
m 1 Summit an 1 then by only six feet 

VII The 7am and 9pm oh'^iatwns gzie lestUfs uhtch agiee in tJte 
mam mih uich other Both hom-s gi\e results too low all the year lound 
almost without exception between Saciamento ind Summit and between 
Colfax and Summit In the foot-hiUs the mommg and evening results 
are genemllj too high in summer and too low m wmtei hut the separate 
jears do not show tins so clearly as the mean of the thiee years In the 
case of the 7 A M observations the discrepancy betw een haiumetnc meas 
uiempnbs and the trath was enrrmoi^s m wmtei imountinEt m cne m 
stance to fwD bundled and thirty eiglt feet letween Siciuiiento onl 
Summit 01 dboit thiLC and rne hilf pei cent of the total diffeience cl 
alf tu le 

"Vin Tlie mem cf the yrrn is i 1 tth to> ] iql hetwecn Si raiiienti 
and Colfdx too kw between &^^,^ mento \aA Summit and quitt, n en th 
tuiih between Colfax and Summit Tlie fcUDwing suggestion is cffeied as 
possibly furnishing the kej 1 1 the e\] lanation ot this fact Owin^ to tlie 
necessaiy position cf the thermometeiB within only a few feet of the 
ground the mean temperature of the ■ur foi the year at Summit is prob 
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ably estimated a little too low, the lowest stratum of aii' being cooled by 
the presence and evaporation of the anow. At Colfax, on the other hand, 
where no snow falls, and where the surface of the earth is intensely 
heated in summer, the result would naturally be the other way. If these 
two errors balanced each other exactly, an accurate result might be ex- 
pected from the yearly means at Colfax and Summit, while the observed 
discrepancies would show themselves when these two stations were com- 
pared respectively with Sacramento. 

Tables XIII. -XVI. were prepared from the data contained in the 
preceding tables for the sake of showing the effect of introducing an 
intermediate station, part way up the slope, upon the calculated differences 
of altitude between the valley and points high up on the Sierra. These 
tables need no detailed explanation. The prominent fact brought to view 
is that the use of Colfax as an intermediate station increases the calculated 
difference of altitude between Sacramento and Summit at all seasons of 
the year and at all hours of the day. For more than two thirds of the 
time this increase lies between thirty and seventy feet, and may thus l>e 
regarded as tolerably constant. The effect of this is to change the times 
at which the nearest approximations to the truth are to be expected; to 
increase the error, when the direct measurements are already too high ; and 
to diminish it in cases of the opposite character. The same tables also 
show incidentally the abnormal character of the results in February, 1873, 
and, to a less degree, of those in February, 1872, and April, 1873, The 
minus sign ia the column of differences for 2 p. m.. Table XV., is an addi- 
tional proof of the partial untrustworthiness of the Summit recoM of 
August, 1873, and justiiication of the decision to assign a less weight than 
usual to that month's results. 

In Tables XVII. - XIX., which present a comparative view of the ]-esiilts 
for three years, columns beaded " range " have been added in order to 
show at a glance how measurements made at the same season in different 
years vary from each other. For Sacramento and Colfax, Table XVII., the 
range averages less in the winter, fram September to Mareh, than in sum- 
mer; but for Colfax and Summit, Table XIX., the agreement is, on the 
whole, much better in summer than in winter. The changes from month 
to month also are, at these seasons, least erratic. The gieat heat of the 
summer upon the foot-hills seems to have a greater disturbing influence 
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than the rains of -winter ; while, when mountain stations alone are con- 
sidered, the atmosphere in summer is much more uniform from year to 
year than it is in winter. On Table XVIII., Sacramento and Summit, 
the range is both larger in amount and more unevenly distributed than 
on either of the other two tables, which might be reasonably expected from 
the positions of the stations. In some cases the large variations in suc- 
cessive years arise from obviously anomalous conditions, the nature of which, 
however, it is not easy to point out ; and the practical conclusion to be 
drawn is, that the longer the observations are continued and the more 
frequently they are taken each day, the freer the final mean will be from 
serious errors. 

"When the data of these tables ai-e represented graphically by curves, it 
is more clearly evident than it can be from an inspection of the figures 
alone, that a period of thi-ee years even is not long enough, if observations 
are taken only three times a day, to eliminate all the irregularities inci- 
dent to the use of the barometer in the Sierra; and that a much better 
mean curve and a much more probable table of en-ois will be obtained 
if the most strildugly obvious discrepancies are not allowed to enter with 
full force into the mean values. Tables XX. - XXII. are mean tables so 
made as to represent as nearly as possible the most probable mean values 
of the errors at difl'erent seasons and different hours of the day. 

Table XX. was constructed in the following manner, A horizontal line 
was assumed to represent the true difference of altitude between Sacra- 
mento and Colfax, and at equal intervals along this line perpendicidar 
distances were laid off to represent the error of the 7 a. m. observations 
for each month of each year. The horizontal and vertical scales were so 
chosen that the curves, which resulted from joining corresponding points, 
showed very clearly any deviation from regularity. The three curves, 
thus plotted upon the same sheet of paper, by no means coincided, 
though the general features presented by each were the same. The 
curve for the mean of three years was not plotted. The mean curve 
adopted was a more regular one, drawn with a fmc hand in such a way 
as to neutralize, as far as possible, all abnormal irregularities. The 
proper perpendicular distances of this curve from the horizontal line 
were then carefully measured on the paper, and the amounts entered in 
the table as the approximate error of barometric measm'ements for 7 a, m. 
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The same course was taken with the other hours and the mean of the 
day ; and similai-ly for Tables XXI. and XXII. Constructed in this way, 
these tables ai-e believed to give the best approximation to the truth 
attainable from the given observations. They show, moreover, in some 
particulars, more clearly than the first twelve tables, the grounds for the 
conclusiona which have been given above. 

To give to the investigation the greatest practical value, it was neces- 
sary, fnrthennore, to prepare a table of corrections, which could be used 
for obsen'ations talcen at different hours of the day, and at other points 
than those specially considered in the discussion, but where the atmos- 
pheric conditions might fairly be supposed analogous. 

Tables XXIII, -XXV, are of this kind, and give the correction, to be 
added or subtracted, for each thousand feet of difference of altitude at 
different hours in the several months. The numbers in heavy-faced type 
were obtained directly from Tables XX, - XXII. by division, and thus 
rest upon the foundation of actual observations. The remaining numbers 
were obtained by the following method of interpolation. The coiTcctions 
for each month were laid down upon paper in a manner similar to that 
previously described and the three points joined by a curved line; the 
season of the year, the times of sunrise and sunset, and the probalile 
rate of chaise in the value of the correction from morning to noon and 
from noon to night, being all taken uito account. The change in the 
correction, for instance, was assumed to be most rapid dining the hours 
that the temperature of the air was changing most rapidly, and to be 
comparatively slight for the two or three hours near the hottest part of 
the day, and for the hours after sunset. No attempt was made to sup- 
ply corrections for the night hours, the data not being sufficient for the 
purpose, and there being no practical use to be made of them. 

The most striking fact broiigbt out by a comparison of these three 
tables with each other is a remarkable diiference in the value of the 
correction for each thousand feet, depending upon the position of the 
stations. Por three o'clock in the afternoon of June, the minus con-ec- 
tion amounts to 36.5 feet in a thousand for the foot-hills, and to only 
21,6 feet, if the upper station is high in the mountains, — a difference of 
14.9 feet. The difference is even greater in the month of December, 
amounting for 10 A. M. to 19.4 feet. The corrections for the eaiiy morn- 
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ing hours also, in Tables XXIV. and XXV., are positive tlie year round, 
while in Table XXlIi. they are negative from April to September. A 
partial explanation of these results is to be found in the fact that the 
temperature of the ait in California does not decrease regularly from the 
sea-level to the summit of the mountains, as it is supposed to do in 
the development of the barometric formula. In the summer especially 
the stratum of maximum tempeiuture lies at an altitude of several hun- 
dred feet above the valley, though probably not so high as Colfax, 

After this description of the tables, it only remains to point out the 
ways in which they are expected to contribute to the accuracy of baro- 
metric work in California, the problem being to malie as close an ap- 
proximation as possible to the real difference of altitude from a single 
observation or the mean of a short series. 

If the observer has it in his power to iix the time of day at which 
his observation shaU be made, or to extend his observations over the 
whole day, it is easy to see from the tables how he should be guided in 
the selection of his hours. Or, if the observer is obliged to talte his 
obseiTation at a certain fixed hour, the tables wiU supply the correc- 
tion, corresponding to the hour of the day and the season of the year, 
which wiU bring tlie computed result into closer agreement with the 
truth. 

If the points whose altitudes are to be ascertained are in the foot- 
hills, and not more than three thousand feet high, the station baTometer 
being observed in the valley at some place not much above the sea- 
level. Table XXIII. wiU be the one to use ; and the best hours for 
observing in the different months will be seen at once by inspection. 
In January, for instance, the closest approximation to the truth is at- 
tained between nine and ten in the morning, or from live to seven in 
the evening. In the month of July nine in the evening is the only 
Lour which gives results requiring little or no correction; but in October 
the middle of the forenoon and the hours about sunset give equally good 
results. 

A similar use can be made of Table XXIV. for those cases where the 
station barometer is kept in the valley and the points whose altitudes 
ate desired lie between five and eight thousand feet high. These limits 
are mentioned, not because they have been determined with accuracy. 
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but because there is every reason to believe that the correctioas would 
have different values if tables similar to these now published could be 
prepared for the higher altitudes and for some station intermediate be- 
tween Colfax and Siunmit. In the measurements of the higher mountain- 
peaks it win generally be possible to establish a camp or base of reference 
at some point within the Hmits to which the published tables apply, and 
whose absolute altitude can be determined from the mean of observa- 
tions taken under the most favorable conditions, or by the use of the 
tabular corrections. For the higher points, then, the principal soiu-ces of 
error would be confined to that portion of the distance which lies aixive 
the camp or temporary station; and, in the absence of appropriate tables, 
the chief dependence must be placed upon the discretion and good judg- 
ment of the observer in selecting bis times for observation. Had there been 
any permanently inhabited spot upon the Sierra at a higher elevation than 
Summit, and one whose absolute altitude could have been ascertained 
without too great expense, steps would have been taken to collect obser- 
vations there, with the view of preparing special tables of corrections for 
the highest points; but the estabhshment of an independent station upon 
the mountains for meteorologictd purposes alone, would have been attended 
with an expenditure far exceeding the amount of money available for such 
purposes. It is only upon extensive national surveys, liberally equipped 
in aM respects, that the difficulties can be overcome, and an inquiiy of 
this nature successfully prosecuted. In Colorado, where the Eoclry Moun- 
tains attain their greatest altitude, it has been possible to run a line of 
levels to a point over fourteen thousand feet above the level of the sea, 
and to maintain at this great elevation a permanent station for regular 
observations, with corresponding ones at lower altitudes, all under the 
management and control of Professor Hayden and Mr. Gardner, of the 
Geological Survey of the Territories. 

When the mass of material collected at these high stations has been 
reduced to order, and the necessaiy computations have been made, it is 
clear that practical tables of corrections will result, which will be of im- 
mediate use in all barometrical work undertaken in the interior of the 
continent. There will still be a question how far they are applicable to 
the Sierra Nevada and the mountains of the Pacific coast; but they will 
certainly indicate whether a greater or less deviation from the truth is to 
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be expected io the higher mountain regions, and what ground there is 
for the belief that the en'or of barometric measurements for each thou- 
sand feet 18 163.9 when both barometers are at bigh altitudes than when 
the lower one is considerably nearer the level of the sea. That the com- 
puted differeneo of altitude between two b^h points will vary with the 
hour of the day at which the observations are taken there can be no 
doubt; but it seems probable that the daily mnge of error will be com- 
paratively small, and that a trained observer can so estimate the effects 
of disturbances in the atmosphere as to select the most favorable point 
of time for his measurements of the higher peaks. It must also be un- 
derstood that in CaUfornia by far the greater number of points, the accu- 
rate determination of whose altitude would aid materially in the solution 
of geological problems, lie at a lower altitude than eight thousand feet; 
and thus the necessity of extending the investigation to the higher points 
was less pressing. The exact altitude of the highest peaks, though very 
desirable to know, cannot be definitely ascertained except with aid of 
more extended series of observations. 

For altitudes between three thousand and five thousand feet, the station 
of reference being stiU supposed to be in the vaUey, there is room for 
doubt whether Table XXIII, or XXIV. should be recommended. Prob- 
ably, in the majority of cases, some correction between those given in the 
two tables would be most near the truth; and the computer should be 
guided by the general character of the chmate of the special district in 
which the observations are made. If this resembles that of the moun- 
tains more than that of the foot-hills a greater weight should be allowed 
to Table XXIV. ; in the opposite case to Table XXIII. Additional ob- 
servations are needed before this point can be treated more positively. 

If the lower station be estabhshed at some point between two and 
three thousand feet high, Table XXV. can be used in the same way as 
the two precedii^; and probably no important error would be introduced 
by extending its application to altitudes of eight thousand feet or a little 
more. 

Illustrations of the practical use which can be made of the tables are 
shown in the examples below. They are not selected for any striking 
peculiarity or for their proving in any extraordinary degree the value of 
the tables. It happens only that they are the first computations which 



, Google 



44 



BAROMETRIC HYPSOMETRT. 



have teen made since the tables were finished, and almost the only 
cases in which the tabniar correction has been applied to any pnbKshed 
altitude. The issuing of a new edition of the Yosemite Guide-Book was 
the occasion of a revision of the principal statements concerning the alti- 
tude of important places mentioned, and the opportunity was taken to 
make an application of the results derived from the labors of the three 
years. It is not to he expected that the corrections will remedy all 
the deficiencies of barometric measurements, for it would be seldom the 
case that the error of any single observation would be just balanced by 
a correction based upon the meaa of a long series. The most that can 
be looked for is a better agreement among themselves of the altitudes 
computed from observations taken in different conditions of the atmos- 
phere, and a closer approximation to the truth than would he attained 
if the corrections were ne^ected. That these ends are gained is quite 
evident from the examples cited. The first example is that of the 
; Valley. 



COMPUTED ALTITUDE OF JtW. BOTTOM OF YOSEMITE VALLEY. 



Date. 


''"sIX^"* 


A 


B 


« 


D 


E 


P 


« 


1867 May 30 


7 a.m. 


Summit 


3042.2 


3974.8 


+ 18,4 


+ 9.0 


3051.2 


3965.8 


+ 18.3 


" May 30 


2 P.M. 


Summit 


3081.4 


3935.6 


- 20 


8 


-75.4 


3006.0 


4011.0 


+ 63.5 






Sacramento 
SacraniGato 
Sacramento 


4002.5 


4046.0 
3935.0 
4030.5 


- 21 
+ 74 


e 

4 

1 


-112.0 
+ 34.0 
-111.2 


3891.3 


3934.0 
3969.0 
3919.3 


13.5 
+ 21.5 
- 28.2 




1873 July 20 


3 p.m. 


" July 20 


3 p.m. 


Colfax 


1634.0 


4061.0 


+ 104 


6 


- 42.7 


1591.3 


4018.3 


+ 70.8 


" July 20 


3 p.m. 


Summit 


3170.4 


3846.6 


-109 


8 


- 83.0 


3087.4 


3929.6 


- 17.8 


" July 21 


7 a.m. 


Sacramento 


3845.3 


3873,3 


- as 


1 





3845.3 


3873.3 


- 74.1 


" July 21 


7 A.M. 


Colfax 


1466.7 


3892.7 


- fiS 


7 


+ 7.2 


1472.9 


3899.9 


- 47.6 


" July 21 


7 a.m. 


Summit 


3048.2 


3968.8 


+ 12 


i 


+ 14.4 


3062.6 


3954.4 


+ fi.e 



The first column gives the date of the observations in the vaUey, 
and the second the station at which corresponding observations were 
taken. The exact position of the barometer at Summit in 1867 can no 
loE^r be determined, but it will be near enough for the present pur- 
pose to adopt 7,017 feet as its approximate altitude, though probably 
that number is a httle too small 

Column A contains the computed difference of altitude, uncorrected 
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for the season of the year, between tho valley and the respective 
stations. 

Colmnii B contains the different values for the altitude of the valley 
above the sea, obtained from the results iu column A. The mean of 
column B is 3956.4 feet. 

Column shows the wanderings from the mean of the numbers in B. 
These cannot be looked upon as representing exactly the errors of tho 
respective measurements, for the absolute altitude of the valley is not 
known from other than barometrical data. The extreme difference 
amounts to 214.4 feet. 

In column D are given the corrections tal;en from the new taUes, 
which are to be applied to the numbers in column A. The correction 
for Jitne, 1867, is based upoa the general infonnation that the observa- 
tions were taken in the middle of the day, and that for October upon 
the probability that the mean of the day was used by Colonel William- 
son, who made the computations. 

Columns E and F contain the corrected values of the numbers in A 
and E. Accortliug to these values the altitude of the valley is 3947.5 
feet, only 8.9 feet less than the altitude obtained without the use of the 
con-ectious. This approach to coincidence is accidental, and speaks nei- 
ther for nor against the justness of the corrections. 

Cohinm G shows the wandeiingg from the mean of the values in F. 
These wanderings are still considerable, but the maximum difference has 
been reduced to 144.9 foet. 

On the whole, this example is one of the most unfavorable that could 
be cited. The Toaemite Valley lies at an altitude of about 3,950 feet 
above the sea, and thus fidls into the doubtful region for which the 
tables of corrections are not perfectly adapted; and, besides, it must be 
allowed that observations taken upon the narrow strip of comparatively 
level land which lies between the nearly vertical bounding walls of the 
valley would naturally be more or less affected by the physical pecu- 
liarities of the place. 

The two following cases will be seen to show the worth of the new 
tables in a more favorable light. The different columns are designated 
in the same way as the corresponding columns in the example just 
given. 
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For the Tuolumne Canon the use of tte con-ectiona has reduced the 
computed altitude from 7809,6, the mean of column B, to 7770.2 feet, 
the mean of column F; and the maximum difi'erence hetween any two 
results has fallen from 323,3 to 167,5 feet; that is to say, by not quite 
fifty per cent, though more than in the case of the Yosemite Valley. 



COMPUTED AUl'ITDDE OF CAMP IN TUOLUMNE CAWON, NEAE VIRGIKIA PASS 
TRAIL. 



Date, 




A 


B 


c 


K 


G 


F 1 G 


1873 July 28 7 a.m. 


Sacramento 


7603.3 


7631.3 


-178.3 


+ 87.4 


7690.7 


7718.7 


-51.6 


" July 28 7 a.m. 


Colfas 


5281.2 


7708.2 


-lOl.i 


+ 28.5 


.5310.7 


7737.7 


-32.5 


" July 28 1 P.M. 


Sacramento 


7907.1 


7935.1 


4-n5,5 


-130.6 


7776.5 


7804.5 


+34.3 


" July 28 1 P.M. 


Colfax 


5527.6 


7954.6 


+145,(1 


-145,8 


5382.3 


7809.3 


+39.1 


" July 29 7 a.m. 


Sacramento 


7735.9 


7763.9 


- +5.7 


+ 88.6 


7834.5 


7852,5 


+82.3 


" July 29 7 A.M. 


Colfex 


5228.5 


7655.5 


-154.1 


f 20. .5 


5258.0 


7685.0 


-85.3 


" July 29 Ip.M. 


Sacramento 


7903,6 


7930.6 


+121.0 


-130,6 


7772.0 


7800.0 


^-2^.8 


" July 29 1 P.M. 


Colfax 


5471,0 


7898.0 


+ 88.4 


-14i.O 


5327.0 


7754.0 


-16.2 



The effect of the corrections for Peregoy's is to reduce the extreme dif- 
ference from 96.1 to 13.1 feet, a larger reduction than could be hoped 
for in the great majority of cases. The computed altitude, 6978.0 feet, 
has been iu this case increased to 7000,4 feet. 

COMPUTED ALTlTUnK OF PEREGOY'S, 



».». 


°"T.SS'- 


A 


B 





- 


B 


r 


G 


1873 July 19 7 r.n. 
« J,.lj 19 7 P.M. 
" July 20 7 A.M. 
« Jolv 20 1 A.M. 


Sacramento 
Colfaji 
Sacramento 
Colfax 


6959.7 
4594.7 
6897.6 
4550.2 


6987.7 
7021.7 
6925.6 
6977.2 


+ &.7 
+ 43.7 

- 52.4 

- 0.8 


4 12.6 
- 14.0 

+ 31,6 


6973.3 
4580.7 
6966.6 
4671.8 


7000.3 
7007.7 
6994.6 
6998,8 


- 0.1 

- I.e 



In these examples the exhibit is made the more unfavorable, because, 
in nearly every instance, single observations have been computed inde- 
pendently, and the wandering of each one from the mean shown. If a 
different course had been followed, and the mean of the two successive 
mornings, for instance, in the Tuolumne Cafion, been taken as the prob- 
able moming average, the result would have given stronger evidence of 
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the usefulness and necessity of appljdng the corrections from the new- 
tables. To show this more clearly the following table is added, in which 
tlie mean of the results for two successive days is given for each of 
the hours. 

COMPUTED ALTITUDE OF GAMP IN TUOLUMNE CANON". 
Mean of two days. 



Date, 


""^^^' 




Corrected. 


1873 July, 7 A.M. 
July, 7 a.m. 
July, 1 P.M. 
July, 1 P.M. 


Sucruniento 
Oolfax 
Sacramento 
Colfas: 


7697.6 
7681.8 
7932.9 
7926.3 


-112.0 

-127.8 

+123.3 

+116.7 


7785.6 
7711.3 
7802.3 
7781.6 


+ 15.4 
- 68.9 

+ 11.4 



The reduction of the ma^mum variation is consequently from 251.1 
to 91.0 feet, or nearly 64 per cent. 

Any higher degree of accuracy in the determination of altitudes than 
that illustrated by the examples now given seems scarcely attainable by 
the use of the hai-ometer, unless the observations can he continued for a 
considerable time at the two points whose difference of altitude is -wished ; 
and not even then, unless attention be paid to the season of the year 
and the hours of the day at which the observations are taken. But 
when these precautions are observed and the proper allowance is maile 
for the special circumstances attending each case, there is no doubt that 
the barometer furnishes the readiest means of ascertaining the altitudes 
of elevated points, with little labor and only moderate expense, to with- 
in very narrow limits of eiTor. 

It is, in fact, indispensable upon surveys in ivild and mountainous re- 
gions, if the estimates of heights are to be anything better than guess- 
work. The use of the spirit-level, or similar instrument of precision, 
would be entirely out of the CLuestion, not merely from the attendant 
expenses and the amount of time required to run the lines, but also 
from the difficulty of carrying the instrument up the steepest slopes, 
where oftentimes even the barometer strapped to the back begins to be 
a serious hindrance to progi-ess in the ascent It needs, perhaps, to be 
dwelt upon with more than usual emphasis in this place, after what has 
been writtea of the imperfections of this method of measurement, that the 
barometer, for purposes of hypsometry, holds a position peculiarly its own. 
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It can make no claim to unfailing aceiu'acy, but, when used wlLh judg- 
ment and with proper attention to details of time and place, it gives 
results whicli are veiy near the truth, and which cannot he reached by 
any other means at the command of the surveyor or explorer. The 
object of the present discussion is not to weaken confidence in bai-o- 
metric work, but to show in what way it may be carried on so as to 
yield the best results and contribute the most trustworthy information 
about some of the most prominent features in the physical geography of 
the elevated regions of the globe. 

For points whose difference of altitude is not great, however, no very 
close approximation to the truth ought to be expected, particularly if the 
stations lie on opposite sides of mountain ranges and show any marked 
dissimilarity of climate. This will appear very strikingly from an ex- 
amination of the following table, which shows the computed difference 
of altitude between the barometer at Mr. Freeman's house on L Street, 
Sacramento, and the station barometer at Ko. 91 Montgomery Block, 
San Francisco, for the first seven months of the year 1871, the only 
period, during the three years covered by the investigation, at which 
observations could be kept up with r^ularity at the San Francisco office 
of the Suney The oVsei-ver for these seven months was Mr. Charles 
Eabe. The barometei at San Francisco was known to be twenty-eight 
feet above thit at S ciament The table also shows the deviation of the 
computed lujult'^ fiom tl e t t! 



COMPUTED AI,TITUDE OF NO. 91 MONTGOMERY BLOCK, SAN FEANCISCO, 
ABOVE L STIiEET, SACRAMENTO. 



».... 


T A.M. 


2P 


M. 


BP. M. 


M.^. 


1871 January 


67.3 


+2fi 


3 47.7 


+19.7 


35.3 


+ 7 


3 4G.9 


+18.9 


February 


44.8 


+1B 


8 49.7 


+21.7 


36.1 




1 43.C 


+15.6 


March 


29.0 


+ 1 


38.2 


+10.2 


13,8 


-U 


2 2().7 


- 1.3 


April 


19.1 


- s 


9 18.7 


- 9.3 


3.7 


-24 


3 13.9 


-14.1 


May 


19.3 




7 7.4 


-20.6 


9.2 


-18 


8 12.2 


-15.8 


Jimo 


2.9 


-25 


1 ^ 5,7 


-33. r 


-20.6 


-4S 


6 - 8.-5 


-36,5 


July 


- 4.7 


-32 


7 -20.3 


-48,2 


-25.3 


-53 


3 -16.0 


-44.0 



The effect of the heat in the Sacramento Valley in expanding the air 
and diminishing the pressure, so that the barometer stands unifonnly 



, Google 



CORRECTIONS FOE CALIFORNIA. 49 

lower, thougli actually nearer the sea-level, at Sacramento than at Saji 
Fi-aucisco during midsummer, is made very manifest by the minus signs 
in the residts for June and July. Were there no other sources of in- 
formation than hai'ometric observations in these months, it would be 
admitted by every one that the streets of Sacramento must stand at a 
higher level than the upper stories of high buildings on Montgomery 
Street, San Francisco. The cause of this is to be looked for chiefly ia 
the extraordinaiy differences in the range of temperature at the two pla^ies. 
For the seven months in question the lowest recorded temperature at 
San Francisco was 42''.3, January 12, 7 A. M. ; and the highest, 75°, June 
6, 2 p. M. At Sacramento the range waa from 31°, January 11, 7 A. M., 
to lOl'S, June 29, 2 p.m., — more than double the extreme variation at 
San Francisco. 

The tables of corrections whose construction and use have now been 
described wiU not, of course, be strictly apphcablo for cases which fall 
entirely outside the limits for which they were calculated. Could simi- 
lar tables, based upon observations in other countries or other parts of 
this country, be brought side by side with these for comparison, there 
would doubtless be in all instances a general similarity in the main 
features, accompanied by such decided differences in the numerical values 
of the cori'ections, that no single table could be adopted for universal 
use. * For the sake of illustrating these differences the two following 
tables are added to give an idea of what might have been expected if 
San Francisco instead of Sacramento had been chosen for the lower 
station of reference. 

SAN FRANCISCO AND COLFAX. 
TniB difference of altituiie E371 feet- 



Date. 


7 A.M. 


2 P.M. 


9 P.M. 


Mean. 


1871 January 


2322.3 


-48.7 


2382.6 


+11.0 


2343.9 


-27.1 


2349.4 


-21.e 


February 


2349.0 


-22.0 


238S.^ 


+14.4 


2376.5 


+ 6.5 


2370.5 


- 9.5 


Mfiroh 


2375.5 


+ 4.5 


2408.9 


+37.0 


2382.5 


+11.5 


2389.C 


+18.0 


April 


2376.2 


+ 4.2 


2422.1 


+51.1 


2376.5 


+ 5.5 


2391.1 


+20.1 


May 


2399.7 


+28.7 


2443.3 


+72.3 


2391.2 


+20.2 


2411.3 


+40.3 


June 


2393.4 


+22.4 


2448.2 


+77.2 


2378.9 


+ 7.9 


2407.4 


+36.4 


July 


2410.9 


+39.9 


2455.2 


+84.2 


2396.1 


+25.1 


2420.0 


+4D.fl 



» Compure Cli!i]it(!r III., page 6 
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SAN FEANCISCO ASD SUMMIT. 
True differanee of altitude 69G1 feet. 



Date. 


TA.M. 


-"■ 


BP.M, 


Mean, 


1871 Jamiary 


6799.0 


-162 


6930.2 


-30,8 


6837.1 


-123 


9 6856,5 


-105,5 


February 


6871.4 


-89 


6 6999.4 


+38.4 


6909.6 


- 51 


4 6927,0 


- 34,0 


March 


6906.3 


- 54 


8 7018.7 


+57.7 


6902.8 


- 58 


2 6942,9 


- 18.1 


April 


6930.8 


- 30 


3 7038.0 


+77,0 


6872,2 


- 88 


8 6946,6 


- 14,4 


May 


6956.7 


- 4 


3 7047.5 


+88.5 


6878.7 


- 82 


3 6961,2 


+ 0,2 


June 


6901.1 


- 59 


9 7016.2 


+55.2 


C827.4 


-133 


6 6915.9 


- 46.1 


July 


6855.2 


-103 


8 6993.5 


+32,5 


6817,7 


-143 


3 688S.8 


- 72.2 



The series is so short that a detailed discussion of its peculiar features 
ia unnecessary and would lead to no practical results, and it is to l^e re- 
gretted that the material is not at hand for comparing the results of an 
entire year. The chief points of interest will be detected at once by a 
comparison with Tables I. and IV., portions of which relate to the same 
period of time. 
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EESUME OF SIMILAR INVESTIGATIONS OUTSIDE OF CALIFORKTA. 

IN tiie mtroductory chapter a condensed account has been given of the 
principal modifications which have been made, or proposed, in the baro- 
metric formula, for the sake of bringing the results obtained by its use 
into a closer agreement with the truth. It is there mentioned that the 
occurrence of unexpectedly laige discrepancies in the heights of impor- 
tant points, when the measurements are made in different seasons of the 
year, or in different conditions of the atmosphere of whatever nature, 
has attracted the attention of observers from time to time; and it is 
further shown that no change in the formula has been able to remedy 
the difficulty entirely. Improved determinations of the values of the con- 
stant factors, and, for computations based upon extended series of observa- 
tions, the introduction of a special term for the effect of the aqueous 
vapor in the atmosphere, added, it is true, to the degree of accuracy 
attainable and reduced the discrepancies in part; but the differences in 
the results stiU. remained too great to be explained solely as errors of 
observation, and were of such a nature that they could not properly be 
charged to deficiencies in the formula. 

It is the object of the present chapter to give in a concise form a com- 
parative view of the principal suggestions which have been made for 
eliminating or avoiding these residual errors, and to show that the method 
followed in the California investigation is the one which leads most di- 
rectly to practical results, and upon which the chief dependence is to be 
placed. 

As early as 1806, Eamond* published a memoir in which ho attributed 

* Mfoioirea, etc, -pp. 39-59. 
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the discordance of results obtained by different observers to the influence 
of the hour of the day, the influence of locality, and the influence of the 
winds and air-currents. The change from hour to hour, or the daily vari- 
ation, lie considered the moat important, and proved its existence ty citing 
the means of altitudes computed from observations taken at different houis 
from six in the momii^ to ten at night at Eagnferes and at Bareges, when 
compared with synchronous ohservations talien by Dangos at Tarhes. His 
comments upon the observed facts, almost hterally translated, are as fol- 
lows : — 

"Seven or eight hundred observations of this kind, each calculated 
separately, have shown constantly the same sort of variation. The seasons 
of the year and the differences of locality have introduced no changes 
except in the range of the variation. At the tops of mountains, on plains, 
01 in the depths of valleys, observations in the forenoon and the afternoon 
have led to results which are smaller just in proportion to the length of 
time between midday and the actual moment of observation; although 
it is not precisely at the hour of noon that the maximum results are 
found. The computed altitudes continue increasing until towards one or 
two o'clock, a little earlier or a little later; but both the amount of the 
increase and the time of reaching the maximum depend largely upon the 
season of the year, the clearness of the day, and perhaps the direction 
of the wind. A small part of this daily variation can be attributed to the 
hygrometric state of the atmosphere, and it would not be difficult to in- 
troduce into the calculation a correction for the humidity of the air ; but 
the largest part of the error results, without doubt, from a cause much 
more powerful and much more diffieirlt to estimate ; to wit, the influence 
of ascending and descending currents of air which act both upon the 
barometer and thermometer, either in diminishing or increasing the weight 
of the air-column, according to their velocity and direction, or in bringing 
from an upper or lower region a temperature which does not belong by 
right to the place where the observation is made. Such disturbances are 
essentially anomalous, .... and there is no other resource than to avoid 
the houi'S where their interference is most common. The hours of the 
middle of the day are the least affected, and among these the hour of 
noon has this particular advantage, that the heights which it gives are 
sufficiently near the mean of those which are obtained from observations 
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made witlun the limits of three or four hours which are included in 
the short period of equilibrium." 

As to the infiuence of locality, Esmond advises that the barometer 
should be observed, when possible, upon the summit of isolated pealis; 
for the more complete the isolation the less will the observations be 
affected by local causes of disturbance. In particular, he shows the com- 
parative untrustworthiness of the barometer as an instrument for detemiiii- 
ing small differences of altitude in level countries. 

The discussion of the influence of the winds waa taken up by Kamond 
at considerable length, and the conclusion reached that the computed 
heights would be too high when the wind blew strongly from the north, 
and too low when strong southerly Vfinds prevailed. 

In a subsequent memoir, published in 1808, Eamond appears to have 
made a partial study of the annual variation in barometric measurements, 
without dwelling upon it in much detail. He says : * " Experience has 
taught me that each month and each season exercises its influence upon 
the instruments. It was natural to look upon the revolution of the four 
seasons as a cycle, in which the greater part of the compensations would 
manifest themselves, and I have become convinced that the space of a 
year cannot be arbitrarily lengthened or shortened, without making the 
distinctive character of the particular season predominate in the result." 
Under Esmond's direction observations were taken at noon of each day, 
with only occasional omissions, for two years at Clermont, in Central 
France, and at Paris. The observations began in 1806, and closed in 
1808. The observations were computed separately, and the means for 
each month, translated into EngUsh measure, are given in the table 
below. 



COMPUTED DIFFERENCE OF ALTITUDE BETWEEN P.\EIfl AND CLERMONT. 



January 

February 


1110.3 
1031.5 
11.^7.2 
1127.6 
1107.0 
1145.4 


+ 13.9 
-6i.9 
+ 60,8 
+ 31.2 

+ 10.6 
+ 49.0 


Jidy 


1112.9 
1128.3 
1103.4 
1106.3 
1046.9 
980.3 


+ 18,5 
+ 81,0 
+ 7,0 
+ 9,9 
- i9,.5 
-110,1 




September 

October 

November 

December 




May 


June 





* Memoires, etc, p. 71. 



, Google 



54 BAIIOMETEIO nYPSOMETRY. 

The mean value for the year, 1096.4 feet, was adopted aa the true 
difference of altitude between the two stations. The table shows decided 
differences in the different months, and the average for the six months 
of spring and summer is over sixty-five feet more than the average for 
the six months of autumn and winter, but the change from month to 
month is not so regular as might have been expected; and Eamond, 
probably on account of this irregularity, did not publish any directions 
which relate to the best season of the year in which to make ineasure- 
menta. 

In the conclading remarks to his third memoir he says : * " Kesulta as 
satisfactory as they have been unexpected have been the reward of my 
labor. I have seen a wonderful agreement established between the 
changes of the atmosphere and the errors which appeared at first anom- 
alous ; I have seen the one serve as an index and sometimes as a measure 
of the other, and all reduced to a small number of general effects, which 
themselves spring from a common cause; and now a very simple and 
homogeneous theory binds, in my mind, all the phenomena together. 
The surface of the atmosphere tends constantly to a level form, and the 
weight of the air-columns varies with the changes which take place in 
the density of their strata. Variations in temperature are the principal 
cause of these changes of density. Every change of temperature causes 
a wind or springs from a wind, which conveys from one place to another 
the temperature and density which it received at its origin. These cur- 
rents of air can have only three directions with respect to the surface of 
the earth : they are vertical, inclined, or horizontal. When they assume 
the latter direction, they act by the diffei'ence which exists between their 
density and that of the layers they replace. When they follow one of 
the first two directions, the effect of the velocity of ascent or descent is 
combined with that of the density," 

The words of Eamond have been thus freely quoted because they con- 
tain the first clear statement of the existence of a diurnal period in baro- 
metric measurements. The similar observations made by Behie in the 
previous century had rested upon a poorer foundation, and the low results 
obtained at sunrise were thought by him to be caused by the easterly 

* Mcmoires, etc., pp. 116-119. 
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winds prevailing at that hour; for, when the wind blew from any other 
diiection, the disei-epauey was less* Itamcnd's belief that observations at 
noon were in all cases the most to be relied upon, and his advice to con- 
fine them entirely to that hour, would, if adopted, materially abridge the 
usefulness of the barometer upon geological and topographical surveys ; 
for it is not generally in the power of the explorer to be upon the spot 
whose altitude is wished at just the hour of noon, and, besides, it is now 
weU. understood that neither that hour nor any other will give the best 
approximation in all the months. 

That there ia an annual as weU. as a diurnal variation was pointed out 
by D'Aubuissonf much more satisfactorily than by Kamond. The dif- 
ference of altitude between Geneva and St. Bernard, computed from the 
mean of the two-o'clock observations for the four years from 1818 to 
1821, was least in the month of December, and increased without inter- 
ruption until June, in which month it was at its maximum ; it then 
decreased with ec[ual regularity until December. The wandering from the 
mean value amounted in December to 79, and in June to 92 feet, making 
the extreme discrepancy 171 feet. These numbers are very much greater 
than those in the table given in the introductory chapter, page 24; but 
it must be remembered that those results came from means of the day 
and not from the means of midday alone. The more modera formulse, 
also, make the range of error between summer and winter less than the 
older ones ; so that the difference between the two cases is really less 
than might be expected, if anything ia to he allowed for the improvements 
in the construction of instruments in the thirty or forty years intervening, 
D'Aubuisson explains both the diurnal and the annual variation, not by 
ascending and descending currents of air, as Kamond did, but by the 
error in the estimation of the actual mean temperature of the air-column 
when this is taken to be the half-sura of the extreme temperatures, and 
adds : " Prom what has just been said it follows that our temperature 
term wdl err in excess ; firstly, at those hours or moments of the day 



* Seu Suckow's Barometrisclie HypsomBtiie. Uaimstadt, 1843. p. 51. 

+ D'Aubnisaon's Traite de Geogiiosie, Paris, 1828, Tom. I. p. 495. The same topic was dis- 
cussed by liim moK briefly at earlier dates in eonliibutioiia to the Biblioth&jiie Uniyersello aad 
other pi 
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when the temperature at the surface of the earth riaea above the meau 
value, aud so much the more in amount the more I'apid or considerable 
the vise is; secondly, when, from one day to another, a notable elevation 
of temperature prevails ; thirdly, in the hottest season of the year." But 
he despaired of being able to separate from other en-ors of observation 
those which belonged to the temperature term alone, and confined himself 
to certain comments " which should give an idea of the influence of these 
variations of temperature from hour to hour, from day to day, and from 
season to season." This was valuable as far as it went, and sei'ved as a 
tolerable measure of the degree of accuracy attainable in the use of the 
barometer, biit was not expected to lead to any systematic application 
of corrections. 

The diurnal variation in barometric measurements was also made a 
subject of investigation by Horuer, of Zurich, one of the companioua of 
Krusenstom in his voyage around the world, and to whom so much credit 
is due for his contributions to Swiss geography. As early as 1813, his 
attention had been called to the subject, but it was not until fourteen 
years later that he was able to make the neceasaiy observations under 
favorable conditions. In August, 182Y, he published a paper* in which 
was given in detail an account of the determination of the height of the 
fiighi above Zurich, both trigonometrically and barometrically. Between 
the 22d of January and the 1st of Jebruary, 1827, 118 synchronous ob- 
servations at Zurich and upon the top of the mountain were obtained, 
.and each computed by itself. The difference of altitude from the mean 
of observations at 7 A. M. was 4161,6 feet, aud the increase was regular 
and unbroken until 1 p. M., for which hour the computed difference was 
4221.6 feet. The extreme variation, therefore, between early morning and 
midday amounted to about -^ of the total height, hardly more than 
half the amount of variation for the corresponding month and hours in 
California, as will appear from a glance at Tables X. — XII. 

The work was taken up again in June of the same year, and 1.GG syn- 
chrenous observations made between the 2d and the 17th of the month. 
The rise from morning to midday and the fall from midday to eveniug were 



• Denksohriften der allgsmeinen SohweizevLsclien Gesellschaft fur Katunviasenscliaften. 
Band 1, Zurioli, 18S3, Abtheilimg 2, pp. 137 - 174. 



, Google 



WORIv ODTSIDE OF CALIFORNIA. B7 

even more regular than in January, tut the amount of variation was 
different, being only -^ instead of ^, and the maximum value waa given 
as early as H A. M. The amount of variation between mornii^ and noon 
was fomid by Eamond in the Pyrenees to amount to as much as -^ of the 
total difference of altitude,* 

A comparison of these two sets of results showed that in summer tlie 
mean of all the observations gave a result higher by 45.6 feet than the 
mean of the winter observations. For this difference Homer su^:ested 
several possible explanations, prominent among which was an erroneous 
estimate of the effect of the aqueous vapor in the atmosphere; but he 
reached no satisfactory conclusion, and proposed at that time no means 
of overcoming the difficulty. For the true difference of altitude between 
Zurich and the Rigiii he depended upon trigonometrical measurements. 
"With these the barometric results for the winter season i^reed in the 
middle of the day; but in summer the hours just after sunrise or before 
sunset gave the most accurate results. In view of these ineciuaUties, 
Horner pointed out the great danger of error in making barometric meas- 
urements, or in attempting to improve the coefficients of the formula, if 
dependence was placed upon observations taken without any regard to 
times or seasons. The best course to be followed was also indicated by 
him in nearly the following words : " From these series of observations 
there seems to be proved the necessity of a horary correction, and possibly 
of one other, which shaU depend upon the deviations of the observed 
temperatures from the mean temperature of the place." The results under 
discussion not furnishing sufficient data, the further development of this 
idea had to be postponed. That it was not abandoned is proved by his 
havmg left among his papers a table of corrections for different hours of 
the day to be applied to the computed differences of altitude. The obser- 
vations upon which these corrections were baaed are not known, but the 
table is printed in part by Bravais,f by whom it was seen at Zurich in 
1842. The original table was too long to be quoted entire, but the por- 
tion available and given on the next pt^ is enough to show the line of 
thought upon which Horner was engaged. It will be observed that no 



• Suekow'fi Barometrische Hypsomehie, p. 5 
+ Comptea EonduE, Tom. XXXI., 1850, p. 1 
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! is here made to tlie aeaaon of the year, and that the correction 
for the hour of the d&j, whether positive or negative, increases much more 
rapidly than the altitude, — a point ■which does not seem to have been 
■well established by later ohservatious. In the original table the heights 
and corrections are all given in toisea. 



CORRECTIONS TO BK AFl'LIHl) TO TUB COMMUTED HEIGHTS. 



Height. 


12 M. 


IP.:.. 


a P.M. 


3 P.M. 


4 P.M. 


.P.M. 


6P.M. 


200 


-0.6 


-0.4 


-0.3 


-0.1 


+ 0.1 


+ 0.3 


+ 0.5 


400 


-1.4 


-1.1 


-0.7 


-0.2 


-0.1 


+ 0.G 


+ 1.1 


600 


-2.4 


-1.8 


-1.3 


-0.4 


+ 0.2 


+ 1.1 


+ 3.0 


800 


-3.7 


-IS 


-2.0 


-0.6 


+ 0.3 


+ 1.7 


+ 3.1 


1000 


-5.3 


-4.0 


-2,8 


-0.8 


+ 0.5 


+ 2.3 


+ 4,4 


1300 


-7.0 


-5.4 


-3.7 


-1.1 


+ 0.7 


+ 3.2 


+ 5.8 



The horary correction proposed by Bravais himself, from an examina- 
tion of the observations of De Saussure and of Kaemtz, were as follows ; — 



a subtract ^ of the teight. 
' " rk " 



The absence of any reference to the season of the year makes this table 
valueless for general use, though it served the special purpose for which 
it was made by Btavais. 

The invest^ations of Kaemtz in the Alps during his joumeyings there 
in 1832* also reached no further than the diurnal variation, as no atten- 
tion could be paid to the annual variation on account of the shortness of 
the time given up to talcing observations. The points at which he made 
the most complete series of observations were the Eighi and the Paulhom ; 
refeiTing in one case to both Zurich and Geneva, and in the other to 
Zurich alone. His method of ascertaining tlie true value of the correction 



" Poggendorff's Aimiilen dti- Plijsik unJ Clicmio, Bund 37, 1833, pp. 3 
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for each hour of the day and night was more general than the others 
which have heen referred to. He employed an intei'polation formula of 
the form which is commonly used in meteorological investigations, where 
the effects of periodicity in any disturbing cause are to be estimated. 
Letting X denote the mean value of the separate hourly results, or the 
true difference of altitude, and X„ the true result for the nth hour after 
noon, the foi'mula takes the form, 

X„ = ^ + a sill (a 13^ + «) + 6 sin (2 ™ 15° + 3) + c sin {Z n 15' + y), 

where a, h, e, are numerical coefficients and a, 0, y, auxiliary angles, whose 
values are to he determined so as to mate the results calculated from this 
fonnula agree with the observed results for those hours at which obser- 
vations were actually taken. The formula will then hold for all values of 
n from 1 to 24, that is, for every hoiir of day and night, and can ho used 
for purposes of interpolation and for ascertaining the times at which the 
computed altitudes are at their maximum, minimum, or mean values. 
Between Zurich and the Eigbi the maximum was found to fall about half 
past eleven in the forenoon, thus agreeing quite closely with Homer, and 
the minimum at three o'clock in the morning. The mean or true value 
was obtainable at quarter past seven in the morning or at seven in the 
evening. The difference between the maximum and the minimum values 
amounted to about -^ of the total difference of altitude. 

Similar calculatioi^ for Zurich and the Faulhom led to slightly dif- 
ferent results. The hour of the maximum altitude was ten minutes before 
one in the afternoon, and of the minimum, quarter past four in the morn- 
ing. The extreme variation amounted to 5^ of the true elevation of the 
mountain above Zurich. 

With the assistance of a formula of this kind it would be possible to 
prepare quite full tables of corrections, but it does not appear that that 
was any part of the purpose which Kaemtz had in view; and even if 
such a table had been made, its measure of trustworthiness would be just 
equal to that of the observations on which it was based, and its applica- 
tion be restricted to the mountains of Switzerland. Without going further 
into the details of the facts upon which Kaemtz founded his opinion, it 
may be added that he believed the source of the errors to lie in the incor- 
rect estimation of the real mean temperature of the air-column, when 
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this is assumed to be equal to the half-sum of the two temperatures 
observed at the extreme stations. 

The formula proposed by General Baeyer, as has been mentioned on 
page 21, gave results which reduced in some measure the exti-eme varia- 
tion between morning and midday, but not entirely. His published ob- 
servations cover only a part of one day, September 1, 1849, but they were 
taken hourly, and were computed by Lapla<;e's formula as well as by his 
own, so that the comparative value of the two formulte is clearly shown. 
Between Kupferkuhle and the Erocken, in the Hartz Mountains, whose 
difference of altitude, ascertained trigonometrically, was 2,989 feet, the 
extreme variation arising from the use of Laplace's formula was 66.7, and 
from Eaeyer's, 58.4 feet; a gain too sliglit to inspire much confidence in 
the proposed new form for the temperature term. Eaeyer's advice to ob- 
servers is to talie the mean of observations between ten in the morning 
and half past five in the afternoon as the best approximation to the truth, 
because the results obtained before ten o'clock or later than half past five 
are too low. One of the most interesting parts of Eaeyer's paper shows 
that the same causes which produce the diurnal variation in the barometer 
exert a like influence, though in the opposite direction, upon altitudes 
determined trigonometrically, the morning results being too high and 
those of midday being too low. 

The meteorological observations which have been taken at Geneva and 
St. Bernard have furnished abundant material for a much more thorough 
study of the general subject of barometric measurements than has been 
possible in any of the cases previously referred to ; and the admirable 
memoir 1^ Professor Plantamour,* in which he discusses the results derived 
from the mean of the ten years from 1841 to 1850, has been more fre- 
quently quoted than any similar paper in the recent history of the barom- 
eter. Ten years was a period long enough to eliminate nearly if not quite 
all the anomahes which might manifest themselves in any single year, and 
to give an exceUent mean value for the computed heights in each month, 
lu spite of all precautions and of the use of a special humidity correction 
the change from month to month proves to be nearly as great as when 

* Memoires de k Soeiete de Physique et d'Histoire Natuvelle de Gelaeve, Tom, XIII., 1832, 
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the calculations are made according to the original formula of Laplace. 
I'lantamour's suspicions, as those of nearly all previous observers, fell 
upon the method employed for getting the mean temperature, and he 
aays that the largest part of the discrepancies in barometric measurements 
is chargeable to the assumption " that the mean temperature of the air- 
column between the two stations is ecLual to the half-sum of the tem- 
peratures at the two extremities." The proper step to take, therefore, is 
to apply some correction to the temperature, determined in the ordinary 
way, so as to make it approximate more closely to the truth ; for the true 
mean "is equal to the half-sum of the temperatures observed at tlie two 
extremities, plus a certain correction, which varies with the hour of the 
day, with the season of the year, and from accidental causes." 

To ascertain the value of this correction, Plantamour reversed the com- 
putations for altitude, and, taking the heights of the barometers and the 
true difference of altitude as the known quantities, regarded the tempera- 
ture correction, or the true mean temperature, as the quantity to be deter- 
mined. Having in this way found what he considered to be the true 
temperature of the mass of air for the different hours of the day in each 
month, it required only a simple subtraction to know what correction 
oi^ht to have been applied to the observed temperatures at each hour, to 
brir^ them into accord with the true temperature. These corrections he 
arranged in a tabular form, and showed that they varied less from month 
to month than from hour to hour in the same month. The least values 
of the correction for the mean of the day are found in March and Sep- 
tember, which months are accordii^ly recommended as best suited for 
measurii^ altitudes barometrically. In July the altitudes are too high, 
excepting between midnight and four o'clock in the morning, and in 
December they are all too low, without exception. 

By multiplying each number in Plantamour's table by a constant quan- 
tity, equal to the increase in the computed heights caused by an increase 
of one degree in the assumed value of the mean temperature, a table sim- 
ilar in form to Tables XX. - XSII. of the Cahfornia series can be prepared. 
Such a tabic has, in fact, been made, and was included by Guyot * in his 

• Tables, Meteorological and Fhysieal, pi'epai'ixl for tli« Smithsonian Institution, Wasliiugton, 
1859, Series D, p. 62. 
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collection. It would be easy to translate this into English measures, and 
find liow much the correction for each thousand feet ^\oidd amount to, 
but no practical gain ■would ensue, for the table, even in that foiin v. onld 
not he adapted for use in California. 

The same set of observations were also studied independeEtly by Lieu- 
tenant H. L. Benny, during a residence in Switzerland in 1857, and a 
very valuable memoir, entitled "On the Constants of the Baixjmetiic Foi- 
mul£e which make correct allowance for the Hygrometnc State of the 
Atmosphere," although by far the larger part of the papei is taken up 
with the discussion of the subject of the horary cori-ection, was read by 
him before the Irish Academy in the following year * Plantamour's table 
of corrections, above referred to, is shown by lienny to be defective, because 
the correct height of the Convent of Saint Bernard above the Observatory 
of Geneva, determined by an accurate survey with the spirit-level, was 
not known until after the table had been published Eenny's own table 
of horary corrections is more complete than that of Plantamour, and was 
prepared in almost precisely the same way as that chosen for the Califor- 
nia investigation. f He says: "I made no less than two hiindred and 
eighty-eight distinct calculations for every hour, night and day, of every 
month of the year. .... Then subtracting each calculated height from 
the true height, as ascertained by accurate spirit-levelling, .... the error 
of each calculated height is known. Such error, being divided by the 
calculated height, gives the horary correction ; for if such horary correction 
be multiplied by the calculated height, we necessarily have the difference 
of calculated and true height ; and such difference, being added to or sub- 
tracted from the calculated height, according to the sign of the horary 
correction, necessarily gives the tnie height." 

The table given by Eenny is arranged in a different form from that 



* Timiaiictions of the Hoynl Irish Academy, Vol. XXII I., 1859, pp. 623-668. 

+ Lieutenant Benny's treatment of tie Babject of special baj'ometrio correetiona CBino near 
bfliiig overlooked entirely in tlie search made for memoirs of this character, on account of the 
ineom|>lote title of Ws paper. The use of any foiinula involving a separate correction for mois- 
ture haying been found impracticable upon the California work, the paper of Eenny's was not 
read imtil some time in April, 1874, after all the tables prepared for California had been finislied 
and eleetrotyped, and it was then examined without tlie expectation of finding anything which 
bore upon the immediate subject in hand. 
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adopted in this work, and supplies a correction for every hour, day and 
night, for every month of the year. A portion of that table, so trans- 
formed as to be directly comparable with Table XXIV. and comprising 
only the hours from 7 a. m, to 9 p. m., is given below. The mean of 
twenty-four hours has been given in preference to the mean of the morn- 
ing, midday, and evening correction, which would ho in some respects 
better for purposes of comparison. 



n.„. 


.^. 




M.. 


ApriL 


May. 


JuilB. 


July. 


Aug. 


Sept, 


Oct. 


Nov. 


Dec, 


7 A.M. 


+8.7 


+8,4 


+ 5.6 


+ 1.3 


- 0.8 


-1.8 


- 2.0 


f 0.6 


+4.5 


+6.6 


+10.1 


+12.5 


8 " 


+7.3 


+6.2 


+ 1.7 


- 2.5 


- 4.8 


- 5.6 


- 5.9 


- 3.5 


+0.8 


+3.7 


+ 8.2 


+11.2 


9 '■ 


+5.5 


+3.2 


- 3.3 


- 6.5 


- 8.4 


- 8.8 


- 9.3 


- 7.2 


-2.6 


+0.9 


+ 5.8 


+ 9.5 


10 " 


+3.5 


+0.2 


- 6.8 


- 9.7 


-11.4 


-U.3 


-11.9 


- 9.8 


-5.4 


-1.7 


+ 3.4 


+ 7.5 


11 " 


+2.0 


-2.4 


- 8.4 


-11.9 


-13.1 


-13.2 


-13.8 


-11.6 


-7.5 


-3.6 


+ 1,5 


+ 5.6 


12 m. 


+0.4 


-4.1 


- 9.7 


-12.9 


-13.8 


-14.1 


-14.6 


-12,4 


-8.4 


-4.5 


+ 0.1 


+ 4.3 


1 P.M. 





^.6 


-10.0 


-12.9 


-13.5 


-14.3 


-14.8 


-12.5 


-8.6 


^4.7 


- 0.4 


+ 3.8 




+0.4 


-4.0 


- 9.0 


-11.6 


-12.4 


-13.8 


-14.2 


-11.8 


-7.9 


^.0 


+ 0.4 


+ 4.2 


3 " 


+1.4 


-2.5 


- 7.0 


- 9.8 


-10.7 


-12.6 


-12.8 


-10.6 


-6.5 


-2.6 


+ 1.7 


+ 5.3 


4 " 


+2.7 


-0,5 


- 4.6 


- 7.2 


- 8.6 


-10.8 


-11.1 


- 8.9 


-4.7 


-0.9 


+ 3.3 


+ 6.8 


6 " 


+4.7 


+1.8 


- 2.0 


- 4.7 


- 5.8 


- 8.3 


- 8.6 


- 6.7 


-2.6 


+1.0 


+ 6.0 


+ 8.3 


6 " 


+6.1 


+3.7 


+ 0,3 


- 2.2 


- 3.3 


- 6.6 


- 6.1 


- 4.3 


-0.6 


+2.9 


+ 6.3 


+ 9.7 


7 " 


+7.0 


+5.3 


+ 2.4 


- 0.1 


- 0.6 


- 2.8 


- 3.6 


- 2.0 


+1.3 


+4.6 


+ 7.4 


+10.7 


8 " 


+7.6 


+6.3 


+ 4.1 


+ 1.7 


+ 1.7 


- 0.3 


- 1.1 





+2.8 


+6.1 


+ 8.1 


+11.1 


9 '■ 


+7.8 


+7.1 


+ 5.3 


+ 3.2 


+ 3.6 


+ 2.1 


t 0.8 


+ 1.7 


+4.0 


+7.4 


+ 8.5 


+11.2 


Mean of 


+6.2 


+4.7 


f 2.0 


- 0.8 


- 1.2 


- 2.5 


- 3.3 


- 1.4 


+1.3 


+4.3 


+ 6.9 


+ 9.6 



ni \\n h bo h 1 1 th th 1 u f r y 

1 tl t d ff f It t 1 th t ly tl 

"V\h tl t U Id 1 ly 1 th fi t f t t d th t th 

t f S t Li 1 !m t Uj 11 11} 

h th po t t th th y re f C 1 f Ih 1 t 

i tlj d p t t th hj r m y f f -n 1 t 

pialpo t thfftfhh Ihnhwn 

Gh pt I to 1 th d p y h tw imm 1 te m 

irmt Btmhmre Ibtl Itltdff d 

tl til hrtlywlmd tro p f d n fima 
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tion of the view held, even before the investigation in California was 
begun, that, in order to attain to the best results the world over, it will 
to have similar tables prepared for each mountain region, 
J if the peculiarities of cUmate are so marked as they are on the 
Paciiic coast of the United States. 

Setting aside the numerical values of the corrections, the general features 
of the two tables are wonderfully alike. There is a regular gradation in 
both cases, from momii^ to midday and thence to evening; though the 
turning-point in California is from one to two hours later than in Switzer- 
land. If the corrections for the separate hours through the several 
months are compared with each other along the horizontal lines of the 
tables, a similar diminution in value from January to spring and summer, 
and a corresponding rise in the latter part of the year, are ohsei-ved. The 
minimum values, however, do not occur in the same months in both cases, 
particularly for the early morning and late evening hours. The higher 
latitude of Geneva, and the consequent difference in the times of sunrise 
and sunset, may possibly have some influence in this respect 

When the separate columns are compared in order to see at what hours 
a change in the sign of the correction occurs, the coincidence is not abso- 
lute, but closer than might he expected. In neither table is there a 
negative correction for January or December. From February to June 
the afternoon change from minus to plus takes place, either at the same 
hour or at points only one hour apart in the two tables. For the fore- 
noons the positive sign prevails in California to a later hour as a rule, but 
with numerically small values. The hours which give the closest approx- 
imation to the truth in the several months agi-ee for some seasons but 
differ for others, which is not at all surprising, when the local peculiarities 
of the two countries are taken into account. 

In a second table Eenny entered side by side with the horary eon-ee- 
tions the half-sum of the temperatures obsei'ved at the extreme stations, 
and thus showed that the connections between the greatest errors, whether 
in excess or defect, and the maximum or minimum of temperature was 
not so uniform as had been supposed, particularly for the night hours; 
during the day there was seldom more than one hour's difference between 
the two critical points. 

In applying his table of corrections to the observations of the year 
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1855, Renny was disappointed at finding that, when he calculated the 
difference of altitude between Geneva and St. Bernard for those hours in 
each month at which the horary correction in his table was zero, he ob- 
t-ained results which did not agree exactly with the truth. That this 
should be so is evident, when it is recollected that mean results derived 
from observations running through a period of ten or more years would 
naturally differ in some respects from similar results based upon a shorter 
period. The practical conclusion drawn by Eenny from this apparent 
failure of his cherished table was " that, although the Table of Horary Cor- 
rections meet not our wishes, nor even our expectations, it diminishes (by 
one half) the errors of the other formuhe. Therefore let us not despond, 
— all we desire has not been realized, but considerable improvement has 
been made, and by diligence and zeal more may hereafter be done." 

A portion of his concluding remarlis presents with so much force the 
ai^ument for the prosecution of work of this liind, and expresses so exactly 
the behef which prompted and sustained the invest^ation in California, 
that space is taken for an additional quotation. After spealiing of the 
possible future improvements in the constants of the formula, he says : 
" Small indeed will be such improvements compared to those which will 
result from the employment of correct tables of horary correction, or from 
a more connect method than the present one of estimating the mean tem- 
perature of the atmospheric column between the stations of barometric 
observations. To these particular objects all attention ought now to be 
directed, for here at present is the wealf side of barometric levelhng. To 
obtain these objects, too many hands cannot be employed in malting 
observations, .... the results of which, being compared with heights 
accurately determined by spirit-levelling, may furnish data for such pur- 
pose But we are warned by the facts of this paper, that with even 

the assistance of a sound table of local horary corrections, we are not to 
expect exemption from serious error on all occasions." 

The brothers Schlagintweit, while engaged in tlie service of the East 
India Company, from the year 1854 to 1858, made a praiseworthy attempt 
to apply systematic corrections for the daily and yearly variation t<) their 
barometric measurements; but the observations upon which they had to 
rely were too few in number to establish the values of the corrections 
beyond cLue.?fion. From their account it appears that the monthly means 
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of observations at four correspoudiug pairs of stations were computed as 
a basis for the annual variation, the true difference of altitude being sup- 
posed to be known, either by the tiigonometiical method, or from the 
mean of a year's observations with the barometer* 

The annual variation in India does not follow so simple a law as it 
does in California. In each one of the four cases the existence of two 
maxima and two minima instead of one was quite clearly indicated ; 
an explanation for which was sought in certain peculiar climatic condi- 
tions prevailing at the months of transition from the wet to the dry, or 
from the dry to the wet season. It seems reasonable, however, to doubt 
the adequacy of the explanation, and, in view of the anomalies exposed 
to view in the investigation in California, to hold to the belief that if 
more extensive series of observations could Lave been obtained in India, 
the variation from month to month would have been much more uni- 
form. 

llie corrections for the hour of the day were computed independently, 
and were understood to be the quantities by which the results of com- 
putation were to be increased or diminished in order to make them agree, 
not with the annual or coi-rected mean, but with the monthly moan. To 
obtain the final result there was still to be added or subtracted the cor- 
rection for the particular month in question. The observations from which 
the daily variation was deduced seem not to have been continued for any 
great length of time at any one place, it being perhaps thought that the 
amount of change from hour to hour would be the same whatever the 
season of the year. 

In their table of periodic corrections the Messrs. Schlagintweit have also 
recognized the fact that the corrections per hundred or per thousand feet 
are greater when the differences of altitude are small than when they are 
large, and have given three series, calculated for differences of 400, 1,000, 
and 1,600 feet respectively. Tor greater altitudes the relative correction 
was considered the same as for 1,600 feet. "Whether this is strictly the 
case or not, it is evident that the hypsometric results obtained by these 
explorers in India are entitled to more than a common measure of eonfi- 



* Results of a Soieutitic Mission to India and High Asia. LuipKig and London, 1862, Vol. 11. 
pp. 47-64. 
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dence. The observationa were doubtless taken with care, the use of a 
plmnb-line even being recommended in order to secure the verticality of 
the barometer, and to the computations there was certainly applied every 
known correction by which a closer approximation to the truth would be 
reached. 

The division of the periodic correction into two parts, one for the moiith 
and one for the hour of the day, seems to be an unnecessary, if not a false 
step. The California tables cannot, indeed, be cited in proof either of this 
or the contrary statement with much effect, because of the lack of hourly 
observations, and, for the present, the question will have to be left un- 
settled. 

The subject of the daily period in barometric measurements has also 
been investigated in minute detail by Professor Bauemfeind of MunicL 
In August, 1857, with the assistance of eleven students, he determined by 
apirit-level the height of the top of the (Ji'osser Miesing and of three 
intei-mediate stations above the plain. The difference of level between the 
extreme stations was about 3,650 feet. Half-hourly observations of the 
barometer, thermometer, psyehrometer, and the direction of the wind, were 
taken, with some omissions, from eight in the morning to six in the even- 
ing, between the twentieth and twenty-eighth of the same month. These 
observations were subjected to a thorough analysis in all respects, and 
the results published in 1862. The portion relating to the accuracy of 
the measurements is all that will be refen-ed to at this time,* 

The comp\ited differences of altitude when arranged in a tabular form 
showed " in a surprising manner " that the results were too high between 
ten o'clock in the morning and four in the afternoon, but too low at 
earlier or later hours. The obvioiis relation existing between the com- 
puted heights and the daily increase and decrease of the observed tem- 
peratures was the first subject for examination. There being no reason to 
distrust the correctness of the formulfe employed in the computation, the 
source of error had to be looked for in the observations themselves. If 
these observations gave the mean temperature correctly, there was no 
reason why the formula should not give the difference of altitude cor- 



gen iind Untei-suchungen iilicr die Gtiiituigkcjit barometrischer Holienmepaungon, 
, MUnehen, 1862, pp. 59 - 34. 
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rectly ; eonseq^uently the conclusion was readied hj Bauemfeind, as by so 
many others, that the stratum of air nearest the surface of the earth is so 
affected hy radiation that the thermometers at the extreme stations do not 
give the true mean temperature except at certain houis of the day. These 
hours, according to his observations, are ten in the morning and four in 
the afternoon. For other hours of the day the observations for tempei-a- 
tni'e are wrong and must be corrected. This view of the subject is essen- 
tially the same as that taken by Plantamour; but a different method of 
obtaining the value of the correction was chosen. 

Bauemfeind represented the deviation of the computed from the true 
lieight by a formula of the same general character as that used by 
Kaemtz * in his investigations at the Eighi and Faulhom, and then sub- 
stituted in place of this formula, for the sake of simplicity in the numeri- 
cal work, the equations of two common parabolas, one of which coincided 
almost exactly with that part of the actual curve which represented the 
changes in the forenoon, and the other with the I'emainder. "With the 
aid of these equations he computed a table of corrections in degrees to be 
applied to the observed temperatures in order to get the real mean tem- 
perature of the air-column between the two barometers at different hours 
of the day from eight o'clock until six. No attempt was made to extend 
the discussion over the hours of the night on account of the lack of 
observations. 

A recomputation of the differences of altitude with the corrected tem- 
peratures failed to give absolutely correct results in aU cases, but the 
amount of error was shght and its periodicity disappeared entirely, the 
variations being fairly chargeable to unavoidable errors of observation. 

The inapplicability of his table of corrections for other localities was 
clearly recognized by Bauemfeind, for he says that, as soon as the tem- 
perature coiTection which he determined for a particular place and season 
could be extended by long-continued obaeiTations over other months and 
other regions, "we shall be able to mal;e barometric measurements at 
every hour from morning to evening with almost the same degree of 
accuracy as wo can now at ten in the morning and four in the after- 
noon." It does not appear from anything published in this connection that 
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Biuemfemd 1 attention hii been (xUlI tt the inniiil ^initun i the 
pfl ctb it the iliffeient seisDn-i if the -\qat any fuither thtn to iiise a 
suspicion that the numerical \aluea of the corrections would \ii> ttom 
month to month withcut tny chant,e m the hjurs at which the conecfcion 
IS zeio 

Hiving tieited oi tht efti. ts if ii,lRtion upjn the tempeiiturL of tht, 
stidtum ot iir m CJntaLtwith tht eirth he next undei took the discussuu 
of the ahsolute aui rehtne effects of other possihl'=' eiioi of ohaervitiou 
such IS the mcoirect leadmir of the attached therniometei oi ot the true 
height of the mercury m the hiiometer it eithei station. This discussion 
WIS searching and valuible m itself but developed no new explanation 
foi the ob&erved sanations In fict it may be said to hi-se strengthened 
the view th-\t proMded the tempeiature term can be dpteinuned with 
ancunc: the ether incidental eiiras we of ccmpantneli little impiitmco 
-n hen the nitrim ut, uc m ^ 1 ci lei ml the bsbi\atiuns iic iiijieily 
mile 

It wia the dail) poiiod i^im which T)i Puhbmnn while yet i student 
at Dresden m 18b4 nnlertooL to imestigT,te He was acquainted with 
Biuernieinds worl. and hoped to contiibute something idditmnal by bis 
own labors. The point selected by him for his observations was the Val- 
tenbeig, near Bischofswerda in Saxony, the height of which he determined 
by spirit-level to be 869 feet. His observations were continued for about 
six weeks in the months of August and September, 1864, and yielded such 
results that he was induced to enter upon a critical examination of the 
records of the meteorological stations of Geneva and St. Bernard, so far as 
they were accessible to him. The observations of which he made the 
principal use were those of the six years from 1860 to 1866. This 
examination carried him considerably beyond the limits originally pro- 
posed, and his published book treats lai^ely of the history of the barometer 
and its use in practical meteorology by aidii^ in the solution of problems 
relating to the physics of the atmosphere.* 

Eiihlmann's summary of the results of his study of the errors to which 

* Die barometrisehen Hohenmessungeii, Leipzig, 1870. The opportnnity is here taken to 
aeknowledge tie debt of tbanka which is due to Dr. Riihlmaim, particalarly foe the valuable list 
of titiea of books and memoirs wlating to the halometer and its applications. Witliout this aid 
the labor of prepming the present chapter would have been increased many fold. 
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the barometric method of measuring altitudes is liable is comprised in 
four paragraphs, as follows : ■— 

" I. Heights computed from barometric and thermometric observations 
are in general essentially greater by day than by night; they show a 
decided daily period. 

" II. Heights computed from daily and monthly means of meteorological 
observations show a yearly period. They are too small in winter and too 
great in summer. The amplitude of the yearly period, howe\'er, is less 
than that of the daily. 

"III. Yearly means of meteorological observations give heights which 
differ but little from the true values. 

"IV. The periodicity of barometric measurements, both the daily and 
the yearly, is made up of two parts, one of which, by far the larger, arises 
from variations in temperature, and the other, the smaller, from variations 
in the barometer. These two parts have, in general, opposite signs." 

The establishment of these four propositions and the discussion of their 
causes were the principal features of the problem as undertaken by 
BtiMmann. For the cause of both the daily and the yearly periodicity 
he looked particularly to the temperature term, after havii^ become satis- 
fied that there were no sources of error in the other parts of the formula 
which could account for discrepancies so great in amount. The conclu- 
sions reached were that the half-sum of the temperatures at the extreme 
stations does not give the real mean temperature of the column of air, 
and, as a necessary consequence of this, that the true temperature of the 
air-column changes, during any given period of time, neither so much 
nor so rapidly as the arithmetical mean of the temperatures observed at 
the upper and lower stations. By reversing the computations and con- 
sidering, as Plantamour did, the true tempemture to be the unlinown 
quantity, he obtained mean values of the temperature for every two hours 
in the month of July; this month being selected because it was the or 
which showed the greatest amplitude in the daily period. The results 
showed that while between four in the morning and two in the afternoon 
there was, on the average, a variation of 16''.5 F. at Geneva, and of 11° F. 
at St. Bernard, the variation in the true temperature of the air-column 
amounted to only 4''.5 F., the minimum occurring at six in the morning 
and the maximum at six in the evening. Similar computations for the 
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otber months led to aimilar, though numerically smaller results. In De- 
cember, for instance, the range was 5°. 2 at Geneva, and d°.2 at St, Ber- 
nard, but only l^.S K. for the true temperature of the air "between the 
two stations. 

"When the monthly means of recorded temperatures were compared in 
a similar way with the true mean temperatures of the air-column in the 
several months, it waa found that the range from summer to winter at 
Geneva amounted to 32''.8 F., and at St. Bernard to 28°.2 F., although the 
range of the true mean was only 24.°6 F. From such results as these it 
was evident that the mass of air included between two stations does not 
become heated so much noi so rapidly as is indicated by thermometers 
near the earth's surface ; that the mass of air shares to only a slight 
degree the daily variations at the surface ; and that it changes in temper- 
ature from month to month as a whole at a considerably less rapid rate 
than do the strata in contact with the surface. The conclusion is there- 
fore inevitable that "the thermometers at the meteorological stations do 
not give the true temperature of the intervening air-column, but some 
otber quantity," which stands in no simple relation to the true temperature. 

One of the practical results of Eiihlmann's labors for hypsometrical 
purposes is the following statement of the hours of the day at which the 
best approximatiou to the true differences of height will be attained: — 



In January 
Februajy . 
Morcli . 

May . 

July . . 

AllgUEt . 

September . 
October . 
November . 
Decorabor 



12 m. 



No table of corrections to bo applied to observations talsen at different 
hours is given; and thus the work of Eiihlraami, valuable as it is in all 
, falls short of reaching the point of practical applicability which 
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was aimed at in the CaKfomia investigation. Tte method proposed hy 
him for finding the trae mean temperature of the air between two stations 
is too complicated for ordinary use, aud requires more labor than the 
improved degree of accura^ obtained would justify. 

From the foregoing r&ume it is evident that the existence of a double 
periodicity in barometric measurements has attracted the attention of ob- 
servers for nearly three quarters of a century, but that in almost no instance 
has any one pursued the subject far enough to be able to state, with much 
approach to accuracy, the probable error of measurements made under 
different circumstances. It is to this failure to reach practical residts 
that the comparative obscurity into which these investigations appear to 
have fallen must be ascribed. One of the most striking facts noticed in 
the history of this subject is tliat, almost without exception, each new 
investigator entered upon what he thought an untrodden field, entirely 
ignorant of the labors of his predecessors, and sought by independent and 
original work to remedy or account for difliculties which had arisen in 
his own experience. 

A long step is talien when the months and hours can be given at 
which the errors may be expected to be least; and when the detemima- 
tion of the altitudes of a few prominent points only is undertaken, it 
may well be advisable to select the most favorable time for the observa- 
tions. But upon extensive surveys, when a large tract of cotintiy has to 
be examined in a short time, and barometric observations have to be 
taken at seveiul points in the course of a single day, it becomes necessary 
to take at least one step additional. What that step shall he may still 
be thought by some an open question ; but the choice will have to lie 
between a change of the observed reading of the instruments at the two 
corresponding stations, and the application of a correction to the com- 
puted results. The latter course, which recommends itself by its greater 
simplicity and equal accuracy, is the one which seems most likely to give 
good results for California and tlie- Pacific coast. 
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I. 

SACRAMENTO AND COLFAX, ffinsi Yeae.) 



Date. 


7 A.M. 


ZP.M. 


9 P.M. 


Me,.. 


1870 October 


2357 9 


—41.1 


2457.4 


+B8,4 


2370.0 


-3. 


2393,4 


-..| 


Novembpr 


2353 9 


—45.1 


2435.6 


+38.6 


2368.6 


—30 


4 2386.5 


—12 


5 


Dpcpmber 


23o7 8 


—41.2 


2435.3 


+38.2 


2374.5 


—34 


5 2389.5 


— 9 


5 


1S71 T^nua^y 


33J3 


— 48,0 


2425.3 


+36.8 


2362.7 


—36 


3 2380.3 


—18 


8 


Febiuarj 


23721 


—26.9 


2433.4 


+33.4 


2405.5 


+ 6 


5 2402.8 


+ 3 


8 


March 


2388.3 


-10,7 


2465.3 


+56.2 


2395.8 


— 3 


2 2412.9 


+13 


9 


April 


2385.8 


—13.2 


2459.9 


+80.9 


2387.4 


—11 


6 2410.6 


+11 


6 


May 


3419.1 


+30,1 


2477.8 


+78.8 


2411.6 


+12 


8 2435.6 


+36 


6 


Jiuic 


2410.8 


+11.8 


2493.6 


+94.6 


2386.7 


—12 


3 2430.3 


+31 


3 


July 


2416.9 


+17.9 


2490.1 


+91.1 


2399.1 


+ 


1 3435.5 


+36 


5 


Augast 


2402,8 


+ 3.6 


2490.7 


+91.7 


2379.5 


—10 


5 2424.9 


+25 


9 


September 


2377.9 


—21.1 


2479.5 


+80.5 


2371.9 




1 2409.6 


+10 


6 


Mean of Year 


2383.0 


—18.0 


2461.1 


+62.1 


2384.4 




6 2409.3 


+10 


3 



II. 



SACRAMENTO AND COLFAX. (Sec 









E,Railrc^S 


.™v, OTC 


fe«. 








Date. 


7A.M, 


2 P.M. 


9 P.M. 


„.„. 


1371 O toUi 


21G0 6 


—38 


4 2471.4 


+72.4 


2365.5 


-33.5 


2398.9 


— 0.1 


^ovembei 


2360 5 


—38 


5 2439.3 


+40.8 


2371.8 


—27.2 


2389.9 


— B.l 


Descmbtr 


2379 1 


—19 


9 2421.1 


+22.1 


2404.9 


+ 5.8 


2400.9 


+ 1.9 


1872 Janimr; 


23718 


—27 


2 2435.1 


+26.1 


2388.9 


—10.1 


2395.4 


- 3.0 


Febiuary 


2383 4 


—15 


6 2421.3 


+22,2 


3387.9 


— ll.l 


2397.5 


- 1.5 


March 


2402 


+ 8 


2443.8 


+44.8 


2391.0 


— 8.0 


2412,4 


+13.4 


April 


2426.6 


+27 


5 3453.8 


+54.8 


2406.6 


+ 7.6 


2429.2 


+30.2 


May 


2433.4 


+33 


4 2463.7 


+64.7 


2395.5 


— 3.5 


2431.1 


+82.1 


June 


2421.6 


+22 


6 3441.8 


+ 42,8 


2386.7 


— 12.S 


2416.5 


+17,5 


July 


2441.2 


+42 


2 2481.0 


+ 82.0 


3397.8 


— i.a 


2440.6 


+41.6 


August 


2407.1 


+ 8 


1 2466.1 


+67.1 


2372.7 


—28.3 


2415.1 


+18.1 


Septemher 


2370.7 


—38 


3 2433.1 


+34.1 


3366.2 


-32.8 


2389.3 


-0.7 


Mean of Year 


2396.4 


-2 


G 2446.8 


+47,8 


2386.3 


—12.7 


2409.7 


+10.7 
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III. 

SACRAMEUTO AND COLFAX. (Thibd Year.) 









Sj. A»«™-( s 


„^.!S. 


„Jlel. 








Date. 


7 A.M. 


SP.M. 


9P,UL 


M. 


., 


1873 October 


2353.4 


— i5 


e 2429.0 


+ 30 


2336.4 


—62.6 


2372.9 


—26.1 


Hovember 


2380.2 


—18 


S 2433.6 


+ 34 


6 2360.9 


—38.1 


2392.1 


— 6.9 


December 


2354.2 


-a 


8 2424.3 


+ 25 


3 2364.1 


—34.9 


2381.2 


—17.8 


1873 January 


2362.3 


—39 


7 2445.5 


+ 46 


S 2372.7 


-26.3 


2393.3 


— 5.7 


Febraaiy 


2385.1 


—13 


9 2430.3 


+ 31 


2 2332.3 


— 6.7 


2402.8 


+ 3.8 


Mardi 


2389.7 


— 


3 2470.8 


+ 71 


8 2390.5 


— 8.6 


2417.3 


+18.3 


April 


2448.0 


+49 


2512.1 


+113 


1 2458.9 


+59.9 


2472.8 


+73.8 


May 


2447.3 


+48 


3 2494.9 


+ 05 


e 2422.8 


+23.8 


2454.4 


+55.4 


June 


2457.7 


+58 


7 2535.6 


+13e 


6 2432.0 


+33.0 


2474.7 


+75.7 


July 


2445.G 


+48 


a 2482.3 


+ 83 


3 2426.4 


+27.4 


2451.2 


+52,2 


August 


2459.3 


+eo 


3 2516.9 


+117 


8 2430.1 


+31.1 


2469. 5 


+70.5 


September 


2382.5 


—16 


5 2462,4 


+ 63 


4 2388.9 


—10.1 


2410.7 


+11.7 


Mean of Year 


2405.-1 


+ 6 


4 2469.8 


+ 70 


8 2308.0 


— 1.0 


2424.4 


+25,4 



IV. 



SACRAMENTO AND SUMMIT. (Im 

Tly So/frMrf i-„^j. 6<ie>>/K/. 



Date. 


7 A.M. 


..... 


9 P.M. 


..„. 


1870 October 


6778.4 


—210 


6 7037.7 


+ 48.7 


6819.6 


-169 


4 6879.6 


—109.2 


November 


6760.5 


—228 


5 7006,9 


+ 17.9 


6817.S 


—171 


5 6862.2 


-126.8 


December 


6750.7 


—238 


3 6963.5 


— 25.5 


6817.9 


—171 


1 6844.5 


-144.5 


1871 January 


6776.8 


—212 


2 6961.1 


— 27.9 


6823.4 


—165 


6 6853.9 


—185.1 


Tebniaiy 


6851.7 


—137 


3 7040.1 


+ 51.1 


6920.6 


— 68 


4 6936.5 


— 52,5 


Mni-^h 


6887.4 


—101 


6 7080.7 


+ 91.7 


6915.4 


— 73 


6 6961.1 


— 27.9 


Apiil 


6924.6 


— 64 


4 7112.6 


+123.6 


6894.4 


— 94 


6 6976.6 


— 12.4 


May 


6972.7 


— 16 


3 7134.3 


+145,3 


6921.3 


— 67 


7 7008.8 


+ 19.8 


June 


6946.1 


— 42 


9 7160.1 


+171.1 


6891.4 


— 97 


6 6998.4 


+ 9.4 


July 


6881.5 


—107 


5 7135.2 


+146.2 


6876.0 


-113 


6965.1 


— 23,9 


August 


6839.5 


-149 


5 7154.2 


+165,2 


6825.1 


—163 


6940,2 


— 48.8 


September 


6856.9 


-133 


1 7115.1 


+126,1 


683G.6 


—152 


4 6936.8 


— 52.2 


Mean of Year 


6852.2 


-130 


8 707.^.1 


+ 86.1 


6863.3 


- 125 


7 6930.3 


— 58.7 
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V. 



SAORAJWENTO AND STTMMIT. (Second Year.) 

By Railrofid Slti-vey, 6Q8g ftel. 



«... 


„ 


M. 


„,,, 


S. 


.. 


Me 


., 


1871 October 


6771.9 


—217 


1 7100.7 


+111 


7 6810.7 


—1/8,3 


6894.2 


—94.8 


Hovember 


6825.8 


-163 


2 7051.4 


+ 62 


4 6869.5 


—119,5 


6915.2 


-73.8 


December 


6868.8 


—120 


2 6989.6 


+ 


6 6912.7 


— 76.3 


6923.0 


— fle.o 


1872 Jftimary 


6848.5 


—140 


5 6964.6 


— 24 


4 6893.1 


— 95.0 


6902,2 


—86.8 


Pebraarj 


6959.2 


— 29 


8 7020.1 


+ 81 


1 6978.3 


— 10.7 


6985.8 


— 3,2 


March 


6929.2 


-5S 


8 7033.5 


+ 44 


5 6951.5 


— 37,5 


6970.8 


—18.2 


April 


6968.1 


- 20 


B 7065.4 


+ 76 


4 6961.0 


— 28.0 


6998.5 


+ 9.6 


May 


6936.3 


— 52 


7 7064.9 


+ 75 


9 6904.1 


— 84.9 


6968.3 


—20.7 


June 


6950.9 


— 38 


1 7076.0 


+ 87 


6886.5 


—102.5 


6970.9 


-18,1 


July 


6934.9 


— 54 


1 709G.O 


+107 


6887.7 


—101,3 


6973,1 


—15.9 


August 


6883.2 


—105 


8 7097.3 


+108 


3 6879.9 


—109,1 


6953,2 


—35.8 


September 


6848.4 


—140 


6 7073.9 


+ 84 


8 6887.3 


-101,7 


0938,4 


— 5a,6 


Mean of Year 


6893.8 


— 03 


2 7052,8 


+ 03 


8 6901.9 


— 87.1 


6949.3 


-39.7 



VI. 



SACRAMENTO AND SUMMIT. (Teird Yeah.) 



Date. 


7A,M, 


«P.„. 


9 P.M. 


Mean, 


1872 October 


6814.2 


-174,8 


7070,0 


+ 81.0 


6858.5 


-130..'i 


6914.7 


— 74,3 


November 


6809.5 


—179,5 


7030,3 


+ 41.3 


6829,9 


—159.1 


6889,8 


— 99- 2 


December 


6799.1 


—189,9 


6976,5 


— 12.5 


6839.7 


-149.3 


6871.5 


-117,5 


1873 January 


6844.9 


—144,1 


7015.7 


+ 26.7 


6884.5 


—104.5 


6914.4 


— 74-6 


Febiiiary 


6961.6 


- 27.4 


7089.6 


+100.6 


6989.4 


+ 0.4 


7013.3 


+ 24.3 


Mareh 


6881.4 


—107.6 


7083.5 


+ 94,5 


6925.2 


— 63.8 


6963.3 


— 25.7 


April 


7002.8 


+ 18.8 


7150.6 


+161.6 


7012.4 


+ 23,4 


7055.7 


+ 66.7 


May 


6977,7 


— 11.3 


7181.3 


+192,3 


6970.6 


— 18,4 


7042.8 


+ 53.8 


June 


6969.2 


— 19.8 


7173,8 


+184,8 


6985.7 


— 3,3 


7041.9 


+ 62,9 


July 


6957,2 


— 31,8 


7088,3 


+ 99,3 


6983.3 


— 5,7 


7010.3 


+ 21,3 


August 


6999.0 


+ 10,0 


7161.7 


+ 172.7 


7015.0 


+ 26.0 


7059,4 


+ 70.4 


* September 


6853.6 


-136,4 


709i.5 


+105.5 


6861,9 


—127.1 


6936.6 


— 52,4 


Mean of Tear 


6905,8 


— 83.3 


7093.0 


+104,0 


6929.7 


- 59,3 


6976.1 


-12.9 



tn of Fu'st and Second Ti 
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TABLES OF 



VII. 

COLFAX AND SUMMIT. (Firm Yeae.) 



»..., 


7A 


M. 


...M. 


9 P.M. 


Mean. 


1870 October 


4475.4 


—114 


fi 4630.7 


+ 40.7 


4493.9 


— 96 


1 4534.7 


—55.3 


November 


4471.3 


-lis 


7 4614.3 


+ 24.3 


4496.9 


— 93 


1 4526.9 


-63.1 


December 


4453.9 


—136 


1 4584.0 


— 6.0 


4488.9 


—101 


1 4509.4 


—80.6 


1871 January 


4483.7 


—106 


3 4606.3 


+ 16.3 


4512.1 


— 77 


9 4534.1 


—55.9 


February 


4317.4 


— 72 


6 4638.0 


+ 48.0 


4538.4 


— 51 


6 4564.3 


—25.7 


March 


4541.1 


- 48 


9 4650.3 


+ 60.3 


4543.5 


— 46 


5 4578.1 


—11.9 


April 


4582.3 


— 7 


7 4684.3 


+ B4.3 


4533.3 


— S6 


7 4599.8 


+ 9.8 


lUj 


4597.4 


+ 7 


4 4690.3 


+100.8 


4535.6 


— 54 


4 4608.3 


+18.3 


JviW! 


4604.0 


+ 14 


4719.3 


4-1 29. 3 


4555.6 


— 34 


4 4626.7 


+36.7 


July 


4563.4 


— 26 


6 4719.6 


+129.6 


4552.6 


— 37 


4 4612.3 


+22.3 


August 


4540.8 


— 40 


2 4728.7 


+138.7 


4526.3 


— 63 


7 4598.4 


+ 8.4 


September 


4530.8 


— 59 


2 4697.3 


+107.3 


4513.0 


- 78 


4581.1 


— 8.9 


Mean of Year 


4530.1 


-59 


9 4663.6 


+ 73.6 


4524.1 


— 6B 


9 4572.8 


—17.2 



VIII. 

COLFAX AND SUMMIT. (Second Year.) 











y R^ilrm^,e S 


iiTj. fi 


WJ-^/. 








Date. 


7 A.M. 


2 P.M. 


9 P.M. 


Mean. 


1871 October 


4481.9 


—103.1 


4680.5 


+ 90 


5 4506.0 


-84,0 


4556.3 


-33.7 


November 


4520.8 


— 69 


2 


4652.9 


+ 62 


9 4550.0 


—40.0 


4576.2 


—14.8 


December 


4543.4 


— 46 


6 


4643.5 


+ 63 


6 4568.3 


—21.7 


4584.9 


— 5.1 


1872 January 


4508.4 


- 81 


6 


4621.0 


+ 31 


4537.9 


—63.1 


4556.0 


—34.0 


Febmary 


4592.6 


+ 2 


6 


4641.1 


+ 61 


I 4615.3 


+25.3 


4616.7 


+26.7 


March 


4558.9 


— SI 


1 


4644.7 


+ 54 


7 4585.4 


— 4.6 


4596.1 


+ 6.1 


April 


4567.8 


— 22 


2 


4653.8 


+ 63 


8 4573.5 


—16.5 


4598.0 


+ 8.0 


May 


4561.6 


— 28 


4 


4668.7 


+ 78 


7 4565.2 


—24.8 


4597.9 


+ 7.9 


June 


4578.1 


— 11 


9 


4709.2 


+119 


2 4564.8 


—35,2 


4617.7 


+27.7 


Jab- 


4567.8 


— 32 


3 


4703.4 


+113 


i 4567.5 


—22.5 


4613.4 


+23.4 


August 


4548.4 


— 41 


6 


4729.0 


+139 


4544.1 


—45.9 


4606.6 


+16.6 


September 


4538.8 


— 51 


2 


4705.4 


+115 


4 4556.6 


—33.4 


4599.8 


+ 9.8 


Mean of Year 


4547.4 


-42 


6 


4671.1 


+ 81 


1 4561.2 


—28,8 


4593.2 


+ 3,2 
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IX. 

COLFAX AND SUMMIT. (Third Ybar.) 



Date. 


.A. 


M. 


.... 


9 P.M. 


Mean. 


1872 October 


4522.5 


— 67.5 


4701.9 


+111 


y 4566.2 


—23.8 


4597.6 


+ 7.6 


November 


4488.9 


—101.1 


4648.8 


+ 58 


8 4521.8 


—68.2 


4553.5 


—36.5 




4494.1 


— 95.9 


4608.6 


+ 18 


6 4518.5 


—71.5 


4539.5 


—50,5 


1873 Jauiiaiy 


4531.1 


- 58.9 


4624.0 


+ 84 


4555.8 


—34.2 


4569,9 


—20.1 


Fetouaiy 


4583.2 


— e.8 


4667.2 


+ 77 


2 4592.8 


+ 2.8 


4613.5 


+23.5 


Mai'oh 


4532.0 


— 58.0 


4658.9 


+ S8 


9 4565.7 


-^4,3 


4581.7 


— 8.3 


April 


4558,2 


— 31.8 


4662.5 


+ 72 


5 4671.8 


—IS. 3 


4698.1 


+ 8.1 


May 


4562.2 


— 27.8 


4724.8 


+134 


8 4672.2 


—17.8 


4619.6 


+29.6 


June 


4563.5 


— 27.5 


4710.8 


+130 


8 4582.7 


- 7.3 


4618.3 


+28.8 


July 


4573.7 


— 16.3 


4695.8 


+105 


8 4585.2 


— 4.8 


4618.2 


+28.2 


August 


4615.3 


4- 25.3 


4744.1 


+154 


1 4643.2 


+53.2 


4667.7 


+77.7 


* September 


4534.8 


— 55,2 


4701.3 


+111 


8 4534.3 


—55.7 


4690,5 


+ 0.5 


Mean of Year 


4546.5 


— 43.5 


4679.1 


+ 89 


I 4566.7 


—23.3 


4597.3 


+ 7.3 



SACEAMEHTO AND COLFAX. (Mean ot Thuee Yeabs.) 



Montli. 


7A.M, 


2 P.M. 


flP,M. 


Mean, 


October 


2357.3 


-41 


7 2452.6 


+53.6 


2357.3 


—41.7 


2388.4 


-10,6 


NovembGT 


2364.9 


-34 


1 2436.2 


+37.2 


2367.1 


—31.9 


2389,5 


— 9,5 


December 


2363.7 


—36 


3 2426.9 


+27,9 


2381.2 


—17.8 


2390,5 


— 8.5 


Jaiiuaiy 


2362.4 


— Sfi 


6 2432.0 


+33,0 


2374.8 


—24.2 


2389.6 


— 9.4 


February 


2380.2 


—18 


8 2427.9 


+28,9 


2395.2 


- 8.8 


2401.0 


+ 2.0 


Marct 


2393,3 


— 5 


7 2456.6 


+57.6 


2392.4 


— 6.6 


2414.2 


+15.2 


April 


2420.1 


+21 


1 2475.3 


+76.3 


2417.6 


+18.6 


2437.5 


+38.5 


May 


2432.9 


+33 


9 2478.8 


+79.8 


2410.0 


+11.0 


2440.4 


+ 41,4 


June 


2430.0 


+31 


3490,3 


+91,3 


2401.8 


+ 2,8 


2440.5 


+41.5 


July 


2434.6 


+35 


6 2484.5 


+85,5 


2407.8 


+ 8.8 


2442.4 


+43,4 


August 


2423,1 


+24 


1 2491.2 


+92.2 


2394.1 


— 4.9 


2436.5 


+37,5 


September 


2377.0 


—22 


2458.3 


+59,8 


2375.7 


—28.3 


2403.2 


+ 4,2 


Moan 


2394,9 


— 4 


1 2459.3 


+6tl,2 


3389,6 


— 9,4 


2414,5 


+15.5 
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XI. 



SACRAMENTO AND SUMMIT. (JTean op Theeb Years.) 

By Railrc..d Sumy. O^f,,!. 



Month. 


7A 


M. 


EP.M. 


9F. 


M, 


Mean. 


October 


6788.2 


—200 


8 7069.5 


+ 80.S 


6829.6 


—159,4 


6896.2 


— 92.8 




6798.6 


—190 


4 7029.5 


+ 40.6 


6839.0 


—150.0 


6889.1 


— 88. 9 


December 


6806.2 


—182 


8 6976.5 


— 12.5 


6856.8 


—182.2 


6879.7 


-109.3 


January 


6823.4 


-165 


6 6980.5 


— 8.5 


6867.0 


—122.0 


6890.2 


—108.8 


Fiibroary 


6924.3 


— U 


8 7049.9 


+ 60.9 


6962.8 


— 26.3 


6978.5 


— 20.5 


Marcli 


6899.3 


-St. 


7 7065.9 


+ 76.0 


6930.7 


— 58.3 


6965.1 


— 23.9 


April 


6935.2 


— 23 


8 7109.5 


+120.5 


6955.9 


— 33.1 


7010.3 


+ 21.3 


May 


69G3.2 


- 26 


8 712G.8 


+137.8 


6932.0 


— 67.0 


7006.6 


+ 17.6 


June 


69&5.4 


— 33 


R 7136.6 


+147.0 


6921.2 


— 67.8 


7003.7 


+ 14.7 


July 


6924.5 


^ 64 


5 7106.5 


+117.5 


0915.7 


— 73.3 


6982.8 


— 6.2 


August 


6907,2 


— 81 


8 7137.7 


+148.7 


6906.7 


— 82.3 


6984.3 


— 4.7 


Septembev 


6852.6 


—136 


4 7094.5 


+105.5 


6861.9 


-127.1 


6936.6 


— 52.4 


Mean 


6883.9 


—105 


1 7073.6 


+ 84,6 


6898.3 


— 90.7 


6961.9 


— 37-1 



XII. 

COLFAX AND SUMMIT. (Mean oi Three Years.) 



Montli. 


TA.M. 


SP.M. 


9 P.M. 


.e.. 


Outober 


4493.2 


—98 


8 4671.0 


+ 81. 


4522.0 


—68.0 


4562,9 


—27.1 


November 


4493.7 


-96 


3 4638.7 


+ 48,7 


4522.9 


—67.1 


4551.9 


—38.1 


December 


4497.1 


—92 


9 4612.0 


+ 22.0 


4525.2 


—64.8 


4544.6 


—45.4 


January 


4507.7 


—82 


3 4617.1 


+ 27,1 


4535.3 


—54.7 


4553.3 


-36.7 


February 


4564.4 


-25 


6 4648,8 


+ 68.3 


4582.2 


— 7.8 


4598.2 


+ 8.2 


Maroli 


4544.0 


—4(1 


4651,3 


+ 61.3 


4561.5 


—28.6 


4585.3 


— 4.7 


April 


4569.4 


—20 


6 4666,9 


+ 76.9 


4659.5 


—30.5 


4598.6 


+ 8,6 


May 


4573,7 


-16 


3 4694.6 


+104.6 


4557.7 


—32.8 


4608.6 


+18.6 


June 


4581.5 


— 8 


5 4713.1 


+123.1 


4567.7 


—22.3 


4620.9 


+30.9 


July 


4568.3 


—21 


7 4706.3 


+116.3 


4568.4 


-21,8 


4614.6 


+24.6 


August 


4568.1 


—21 


9 4733.9 


+Xi3.9 


4571.2 


—18.8 


4624.2 


+84.2 


September 


4634.8 


—55 


2 4701.3 


+111.3 


4534.3 


—55.7 


4590,5 


+ 0.5 


Mean 


4541.3 


—48 


1 4071.3 


+ 81.3 


4550.7 


-39.3 


4587.8 


-3.2 
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XIII. 

SACRAMENTO AND SUMMIT. (Piusi Yum.) 





VABIAnO 


N I'ROM RAILROAD SURVEY, 






Date. 

isio 








DIFFERENCES, 


Direct. 


With intermediate Station. 


,^M. 


2 P.M. 


sr.M 


.%z. 


7A.M, 


.P.M. 


9P.M 


oid". 


7 A. a. 


2 P.M. 


.P.M, 


]J°v, 


—210.6 


+ 48.7 


—169 


4—109.2 


-155.7 


+ 99,1 


-125 


1 -60.9 


54.9 


50.4 


44.3 


48.3 


Nav, 


-223.6 


+ 17.& 


—171 


5 -136.8 


—163.8 


+ 60. B 


—123 


6 —76.6 


64.7 


43.0 


48.0 


61.2 


Dfo. 


—233.3 


— 25.5 


—171 


1 —144.5 


—177.3 


+ 30.2 


—125 


C -90.1 


61.0 


65.7 


46.5 


64.1 


Juu. 


-212.2 


— 27.9 


—165 


6—135.1 


—152.3 


+ 42.6 


—114 


2 -74.7 


59.9 


70.5 


51,4 


60.4 


Feb. 


-13?. 3 


-1- 51.1 


— 63 


4 — 52.5 


— 99.5 


+ 81.4 


— 45 


1 —21.0 


37.8 


30.3 


23.3 


30.6 


Mar. 


-101.8 


+ 91.? 


— 73 


6- 27.E 


- 59,6 


+115.5 


— 49 


7 + 2,0 


42.0 


24.8 


23.9 


29.9 


Avr. 


— 64.4 


+123.0 


— 94 


e— 12.4 


— 20.9 


+165.2 


— 68 


3 +21.4 


43.5 


31.6 


26.3 


33.8 


M^V 


- 16.3 


+145.3 


— 6T 


7 + 19.8 


+ 27,5 


+179.1 


— 41 


8 +51.B 


43.8 


33.8 


25,0 


35.1 


Jiino 


— 42.9 


+171.1 


— 97 


6+ 9.4 


+ 25.8 


+223,9 


— 46 


7 +68.0 


68.7 


62.8 


50,9 


58,6 


July 


—107.5 


+146.2 


—118 


- 23,8 


— 8,7 


+220.7 


— 37 


3 +58.8 


98,3 


74.6 


75.7 


82. 7 


Aug. 


—149.5 


+165.2 


—16^ 


9— 48.S 


— 45.^ 


+230,! 


— 33 


2 +34.3 


104.] 


65.2 


80.7 


83.1 


Sept 


-132.1 


+126.1 


—152 


4 — 62.2 


— 80.3 


+187.8 


—105 


1 + 1.7 


51.8 


61.7 


47.3 


53.9 


Mean 


—138.8 


+ 88.1 


—125 


7 — B8.7 


— 75.9 


+135.7 


-80 


5 — e.8 


60.9 


49.5 


45.3 


51,8 



XIV. 

SACRAMENTO AND SUMMIT, [Sec 



Date. 


VAEIATIOU FROM RAILROAD SURVEY. 




Direct. 


Witl intermediate Station. 




7A.1L 


.P.tt 


»P.K 


.X^. 


7JLM. 


2 P.M. 


8 P.M. 


.JS 


,AM 


2P.^ 


.P.M 


s 


1S11 

Oct, 


-217.1 


+111.7 


-178 


3— 94.8 


—146.5 


+162.9 


—117.6 


— 33 


8 70.6 


51.2 


60.8 


61.0 


Nov. 


—163.2 


+ 62.4 


-119 


5— 73.8 


-107.7 


+103.2 


— 67.2 


— 23 


9 56.5 


40.8 


62 


3 


49.9 


Dee, 
Jan. 


—120.2 
-140.5 


— 34,4 


— 76 

- 95 


3— 66.0 
9 - 86.8 


— 66.5 
-108.8 


+ 75.6 
+ 57.1 


- 16.8 

- 62.2 


— 8 

- 87 


2 58.7 
6 81.7 


75.0 
81,5 


60 


5 
7 


62.8 
49.2 


Feb. 


- 29.8 


+ 31,1 


— 10 


7— 3.2 


- 13.0 


+ 73.3 


+ 14.2 


+ 25 


2 16,8 


42,2 


24 


9 


28.4 


Mav. 


~ 59.8 


+ 44.6 


- 37 


5 — 18.2 


- 28.1 


+ 99.5 


— 12.6 


+ 19 


5 31.7 


55,0 


24 


9 


37.7 


Apr. 


— 20,9 


+ 76.4 


— 28 


0+ 9.5 


+ 5,3 


+118.6 


— 8;9 


+ 38 


2 26.5 


42.2 


19 


1 


28,7 


May 


— 52.7 


+ 75,9 


— 84 


9 — 20.7 


+ 6.0 


+143.4 


- 28,8 


+ 40 


57.7 


67.5 


66 


6 


60.7 


June 


- 38.1 


+ 87.0 


—102 


5— 18,1 


+ 10.7 


+162.0 


— 87.5 


+ 45 


2 43. f 


75.0 


65 





63.3 


July 


— 64.1 


+107.0 


—101 


3— 15.9 


+ 18.6 


+189.3 


— 20.6 


+ 63 


72.7 


82.3 


80 


7 


78,0 


Aug. 


—105,8 


+103.3 


-109 


1 — 85.8 


— 34.3 


+204,6 


- 70,7 


+ 33 


1 71.5 


96.2 




4 


68.9 


Sppt, 


-140.6 


+ 84,9 


—101 


7 - 52.6 


— 73,3 


+154.6 


- 60.5 


+ s 


7 67.3 


69.7 


41 


2 


58.3 


M3an 


— 85.2 


+ 63.8 


-87 


1 — 39.7 


- 4t.9 


+138,7 


— 40,6 


+ ti 


3 50.3 


64.9 


46 


5 


54.0 
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XV. 

SACRAMEHTO ANB SUMMIT. (TnmD Yeah.) 





VAEIATION FROM RAILEOAD SUBVET. 




A?r 




DIFFERENCES. 


DiTMt. 




7iM. 


ZP. M. 


9F.M. 


oTd". 


7A, M, 


47, M. 


,?.«: 


o(Dw, 


7JLK. 


SP.H. 


9 P.M. 


bV 


-■H.8 


+ 81.0 


—130,5 


— 74.3 


—113,7 


+142.1 


- 83.0 


— 17.9 


61,1 


61.1 


47.5 


56.4 


Nov. 


—179.5 


+ 41.3 


—159 


1 


— 99.5 


—120.1 


+ 89.7 


— 1C8 





— 46.1 


59.4 




4 


51.1 


53.1 


Dec. 


—189.9 


- 12,5 


—149 




-117.5 


-140,7 


+ 43.9 


—106 


4 


— 68.3 


49.2 


56 


4 


42.9 


49.2 


j"* 


-144.1 


+ 26.7 


-104 


5 


— 74. a 


- 95.6 


+ 80.5 


— 60 


6 


-25,8 


48.5 


53 


g 


44.0 


48.8 


Feb. 


-27.4 


+100.6 


+ 


4 


+ 24.3 


— 20.7 


+108.4 


— 3 


9 


+ 27,3 


6.7 


7 


8 


-4.3 


3.0 


Mot. 


-107.6 


+ 94.6 


— 03 


S 


— 25.7 


- 67.3 


+140.7 


— 42 


8 


+ 10.0 


40.3 


46 


2 


21.0 


35.7 


Apr. 


+ 13.8 


+161.6 


+ 23 


4 


+ 66.7 


+ 17.2 


+185.6 


+ 41 


7 


+ 81.9 


3,4 


24 





18.3 


15.3 


Mny 


- 11.3 


+192.3 


— 18 


i 


+ 53,8 


+ 20.6 


+230.7 


+ 6 





+ 85.0 


31,8 




i 


24.4 


Bl,2 


June 


- 19.8 


+184.8 


— 3 


3 


+ 52.9 


+ 31.2 


+257.4 


+ 25 




+104.0 


51.0 


72 




29.0 


61,1 


July 


— 31.8 


+ 99.3 


— 5 


7 


+ 21.3 


+ 30.3 


+189.1 


+ 22 


6 


+ 80.4 


62.1 


88 




28.3 


59.1 


Aug. 


+ 10.0 


+172.7 


+ 26 





+ 70.4 


+ 85.5 


+172.0 


+ 81 


3 


+148.2 


76.5 


-0 


7 


58.8 


77,8 


Sept. 


-136.4 


+105.5 


-127 


1 


— 52. 4 


— 71.7 


+174.7 


— 65 




+ 12.2 


64.7 


69 




61.3 


64,6 


Mean 


— 83.2 


+104.0 


— 59 


3 


— 12,9 


— 37.1 


+159,9 


-24 


3 


+ 32.7 


46.1 


55 


9 


35.0 


45, .1 



XVI. 

SACRAMENTO AND SUMMIT. (IMean of Three Years.) 





VAEIATION FKOM RAILROAD SURVEY, 






MotUl 






tion. 


DIFFER 


BKCES, 


Direct. 




7i.M. 


^T.«L 1 91.. «. 


.fC 


7JL^ 


^T.U. 


9 P.M. 


-37.7 


7A.M. 


,P>1 


5P.M: 


«.».. 


Oct, 


-200.8 


+ 80.5 


—169.4 


— 92 


8 —138.6 


+134,6 


-109.7 


62.3 


54.1 


49,7 


65,1 


N"oy. 


-190 


i 


+ 40.5 


—150 


« 


— 99 


9 —130.4 


+ 85.9 


- 99.0 


-47.6 


60 





46.4 


61,0 


52,3 


Deo. 


-1R2 


R 


— 12,6 


-132 


2 


—109 


3 —128.2 


+ 49.9 


— 82.6 


—63.9 


5J 


6 


62,^ 


49,6 


55.4 


,lan. 


-165 


B 


— 8.5 


-122 




— 98 


8 -118,9 


+ 60.1 


- 78.9 


—46.1 


46 




68,6 


43.1 


52.7 


Feb. 


- 61 


8 


+ 60.9 


- 26 


2 


— 10 


6 - 44,4 


+ 87.7 


- 11.6 


+10.2 


20 


4 


26,8 


14.6 


20.7 


Mar. 


— 89 


7 


+ 76.9 


— 58 


8 


- 23 


9 - 51,7 


+118.9 


- 85,1 


+10.5 


38 





42.0 


23.1 


34.4 


Apr. 


— 23 


8 


+120.5 


-33 


1 


+ 21 


3 + 0.5 


+163,2 


— ll.B 


+47,1 


24 


S 


32.7 


21.2 


25.8 


May 


- 28 




+187.8 


-57 


o'+ 17 


6 + 17.6 


+184,4 


— 21.3 


+60.0 


44 


4 


46.6 


35.7 


42.4 


Jnne 


-85 


t 


+147,C 


-67 


8+1. 


7 + 22.6 


+214.4 


- 19.5 


+72.4 


5( 


1 


66.8 


48.3 


57,7 


July 


- 64 


5 


+117.5 


- 73 




2 + 13.9 


+201,8 


— 12.8 


+68.0 


78 


4 


84,3 


60,5 


74.2 


Aug, 


— 81 




+148.7 


— 82 




7 + 2.2 


+236.1 


— 23.7 


+71.7 


84 





87,4 


58.6 


76.4 


Sept 


-138 


4 


+106.5 


—127 


1-52 


4 — 77.2 


+170.6 


— 79,0 


+ 4.7 


59 


2 


66,1 


48.1 


57.1 


Mean 


-105 




+ 84.6 


— 90 


7-37 


1 — 52.7 


+141.5 


— 48.7 


+ 13,3 


52 


4 


56.9 


42.0 


50.4 
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fiAEOMETEIC ALTITUDES. 
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1 




+ + + + + + + + + + + + + 
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s 
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, Google 



TABLES OF BAEOJIETEIC ALTITUDES. 



XXV. 



CORRECTIONS TO BE APPLIED FOR EACH THOUSAND FEET OF 

DIFFERENCE OF LEVEL BETWEEN THE ALTITUDES 

OF 2400 AND 7000 FEET. 































"£ 


+ 18.3 


+ 9.8 


+ 8.7 


April. 
1- 5.8 


May, 


June. 


July, 
+ 4.8 


+ 6.5 


Sept. 

+ 18,2 


Oct. 

+ 31.3 


+20.9 


+20.2 


of 

+ 11.1 


+ 3.5 


+ 3.0 


8 " 


+ 16.4 


+ 7.6 


+ 5.5 


+ 2.5 


+ 0.7 


- 1.0 


+ 1.0 


+ 3.0 


+ 8.7 


+ 17.0 


+ 17.8 


+ 18.0 


+ 8.0 


9 " 


+ 13.7 


+ 4.9 


+ 2.3 


- 0.6 


- 3.0 


- 5.0 


- 2.8 


- 1.0 


+ 4.4 


+ 11.0 


+ 14,6 


+ 16.5 


+ 8.8 


IB " 


+ 10.3 


+ 1.7 


- 1.2 


- 3.S 


- 7.0 


- 9.6 


- 7.3 


- 5.5 


- 0.3 


+ 3.6 


+ 6.8 


+ 12.1 


- 0.5 


11 " 


+ G.2 


- 2,3 


- 5.8 


- 7.6 


-11.0 


-14.5 


-12.6 


-10.3 


- 6.1 


- 4.0 


+ 4.0 


+ 7.8 


- 5.4 




+ 0.* 




-10.0 


-11.5 


-15.7 


-20.7 


-10.4 


-17.0 


-14.5 


-11.0 


- 3.5 


+ 1.5 


-11.6 


1P.U. 


- 4,7 


-10.0 


-12.1 


-15.1 


-20.4 


-25.5 


-24.7 


-24.0 


-23.2 


-16,7 


-10.2 


- S.9 


-16.1 


2 '■ 


- 6.1 


-ar 


-13.5 


-16.3 


-21.7 


-27.0 


-26.5 


-26.1 


-24.3 


-18.3 


-10.9 


- 5.2 


-17.4 


3 " 


- 3.5 


- 9.3 


-11.4 


-14.0 


-21.0 


-27.4 


-26.3 


-25.0 


-22.1 


-15.0 


- 7.0 


- 2.0 


-15.0 


4 " 


+ 0.6 


- 5.4 


- 7.8 


-10.7 


-17.3 


-23.5 


-22.0 


- 19.4 


-16.3 


-9.4 


- 1,7 


+ 2.0 


-10.7 


S " 


+ 5.2 


- I.O 


- 3.7 


- 7.0 


-13.4 


-16,8 


-15.0 


-13.3 


- 9.6 


- 2.5 


+ 4.0 


+ 6.4 


- 6.0 


6 " 


+ 9.4 


+ 2.S 


- 0.7 


- 3.4 


- 7.0 


-10.4 


- 8.6 


- 7.1 


- 2.0 


+ 4.5 


+ 8.0 


+ 10.3 


- 0.9 


V " 


+ 11.7 


+ 5.7 


+ 2.4 





- 2.0 


- 4.3 


- 3.0 


- 2.0 


+ 5.0 


+ 10.2 


+ 11.6 


+ 12.5 


+ 3,7 


a •• 


1- 12.5 


+ 6.S 


+ 5.0 


+ 3.3 


+ 2.6 


+ 0.8 


+ 1.8 


+ 3.4 


+ 10.2 


+ 14.5 


+ 13.4 


+ 13.8 


+ 7.3 


9 '■ 


+12.6 


+ 7.0 


+ 6.5 


+ 5.7 


+ 5.2 


+ 4.3 


+ 4.8 


+ 6.5 


+12.2 


+16.2 


+ 148 


+ 14.3 


+ 9.1 


Maaa 


+ 8.3 


t tr 


+ 0.7 


- 1.7 


- 4.3 


- 6.5 


- 5.7 


-4.3 





+ 6.1 


+ 8,3 


+ 9.8 


+ 1.1 



, Google 



